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PKEFACE. 


A MBTATiLTjBGiaAL work in English by a Chinese author is unusual;*'i 
but long residence in America, and m England and other parts of 
Europe, and much study of English hterature, have familiarised 
me with the language, and have encouraged me to make it the 
medium for presenting my work to the English-speaking public, 
and I desire to express my thanks to Messrs Charles Griffin & Co 
for the opportunity they have afforded me of doing so. 

My researches concerning Antimony have extended over several 
years, and I would express my thanks to Professor Kemp, of Columbia 
University, for his valuable guidance. 

References to Antimony are scattered through the technical liteia- 
ture of many languages, and the subject is dealt with m general 
treatises on metallurgy There does not, however, appear to be 
any English text-book devoted to its special consideration, and 
foreign works on this subject are not readily accessible to English 
readers, who have had to content themselves with the necessarily 
condensed notes in the standard work on metallurgy by Phillips 
and Bauennan, and Professor Louis' translation of Carl Sohnabers 
woik These, although valuable, do not claim to be exhaustive, and 
the modern volatilisation process naturally finds but little mention 
It seems likely, however, to become the sole process by which the 
poorer classes of antimony oies can be economically treated , and as 
these ores are of rapidly growing importance, possibly as a lesiilt 
of the exhaustion of the richer grades of ore, a description of the 
process is of importance 

It has been my privilege to carry out practical tests of the 
volatilisation process patented by Mons. H Herrenschmidt, and the 
results aie incoiporated in this book. I am also gieatly indebted to 
that gentleman for kindly readiug through the greatei part of 
my MS, especially the chapter on the Metallurgy of Antimony. 
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PEKFAOE 


Invaluable suggestions resulting from his many years’ experience in 
antimony smelting were freely given and gladly received 

I also desirer gratefully to acknowledge the aasistanoe derived 
from the consideration of articles which have appeared m the 
technical press, and especially from the study of the following 
works'—Friedheim’s Handlmch der morga/wlschen Ch&niie^ Abegg’s 
HoAidbuch der amorgamschen Gkemie^ Moissan’s Trait6 de Chimit 
Min&raZe, and Frdmy’a Eneyclop6die Ghim%qm. The chapter on th(‘ 
Chemistry of Antimony is baaed on those studies Bermger’s Texi- 
hooh of and Parry’s A%za,y of Tim, cmd AnUmony have like¬ 

wise proved serviceable in dealing with the Analysis of Antimony. 

My brother, Dr C. H Wang, has kindly seen this work through 
the press, as my duties in Hunan necessitated my return to China 
In conclusion, I venture to hope that the aiTangement and co¬ 
ordination of the very scattered records of the results of othei 
people’s woik embodied in the present volume may prove of service 
to mefcallurgioal students, to manufacturers, and to usei’s of 
antimony. 


London, Match 1919 [Reprint 1 


0. Y WANG. 
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THE METALLURGY OF AIJTIMONY, 


CHAPTER I. 

THE HISTORY OF AHTIMOHY. 

Thb natural sulphide of antimony was known to the people of 
ancient times * It was used by them as medicine, and as an article 
of toilet by women to paint their eyebrows with. 

In St Jerome^s translation of the Hebrew of Ezekiel xxui. 40 we 
read, “ circumhmsti stibio oculos tuos,” and in the second book of 
Kings IX 30 we find, “Porro Jezebel introiter ems audite depixit 
oculos aiios stibio ” The latter passage, as translated by Cheyne and 
Driver, runs thus, “ set her eyes in paint (literally, antimony) 

The Hebrew and Arabic word for antimony is “ kohl,” which was 
altered to “alcool” or “alkohol” m other languages; thus the 
Spanish translation of the above passage from Ezekiel is, “ alcoholaste 
tus ojos.” As a matter of fact, the word “alcohol” was, m the 
Middle Ages, used to designate anything in the form of fine powder, 
and it was only at later penods that it was used to mean spint 
of wine 

Dioscondes called this metal otCjiijlij and mentioned that it was 
known also by 7 rXaruo 0 ^aA./iov (meamng “eye-expander”), ywai/ceiov 
(meanmg “womankind”), etc He also mentioned that the roasting of 
crude antimony could be done in a current of air under moderate 
heat until it burnt, and that if it were heated more strongly it would 
melt like lead. This statement might suggest the idea that he was 
aoquamted with the metal itself. 

The term “ stibium ” was given to the metal by Pliny, and the 
term “antimomiim” by the Latin author Gebor, but both these 

* M Bertbelot has made a cunous obeeiwation in legard to a vase found at 
Tollo OhaJdeaby M. de Soizeo, which was cast in metallic antimony {Rev. ArchSol , 
1887, 8®, t. IX.). 
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terras had been used to stand for the sulphide of antmiony up to the 
time of LaYoiaier 

In the beginning of the fifteenth century * or thereabouts there 
lived m Germany a monk by the name Basil Valentine,” who has 
been supposed to be the author of many books on antimony and its 
allied subjects. As an historical figure he was shrouded with 
mystery Doubts had been entertained as to the genuineness of the 
wntings attributed to him Consequently Emperor Maximihan I. 
commanded that this question should be examined into The con¬ 
clusion was that he was a Benedictine monk of Southern Geinnany, 
and that nearly all the works attributed to him had undergone many 
changes and alterations, mtrodiiced by later authors.! City 
Chamberlain Tholdo, of Fronkenhausen, Thurmgia, published a list 
of hiB works m the early part of the seventeenth century • Triirniph- 
Wagen des Antimooih (“Triumph Car of Antimony”), Von dem 
gros^Bien Stein der v/ralten JVeisen (“ On the Great Stone of the Ancient 
Philosophers ”); Offenharvmg der •verhongenen Randgiiffe (“ Eevela- 
tion of the Hidden Key ”) j Letztee Testament (“ Last Testament ”) ; 
Schlussreden (“ Concluding Words ”). The language he uses is fre¬ 
quently obscured by mystical pictures and alchemistic ideas , yet he 
deserves the credit of having made many careful and conscientious 
obseivations 

The most important of his writings is the Triumph-Wagen des 
Antvmomi J Professor Schoilemmer has, however, shown that this 
was a forgery, dating from about the year 1600 The nature of this 
book can be seen from the following passage, os translated m Roscoe 
and Schorlemmer^s Chemistry “ In order, as is most pioper, that I 
may say something about the name of the matoiial, it should be 
underatood that this material was long known to the Arabians, and 
from ancient time was termed by them ‘asinat.' The Chaldeans 
entitled it ‘stibium,’ and in the Latin tongue it has been called 
‘ antiinonmm ’ up to the latest times, and m our own Gorman mother- 
tongue the same luateiial has been foolishly called ‘ SpiesBglas,’ for 
this reason, that this material can be fluxed and a gloss made from 
it ” The operation of producing metalho antimony, as described by 

* pTohably Basil Valentine was bom in the year 1400, at Petersklostoi, m Erfurt 

t Cousequoutly Basil Valentine is sonietimes known as the pseudo-Basil 
Valentine. 

t This book has been translated into English The Trmmphal Chariot of Anti- 
moni/f by Basilius Valentmus, translated by Theo Keickringiua . James Elliot & 
Co , London, 1893 It has also been truusljitfd into Latin by an unknown uuthoi 
nndoi the title Cuinis irinmphaha aniimonn 
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Basil Valentine, is as follows (taken from Roscoe and Sohorlemmev's 
Chemistry) Antiinonium is a master m medicine, and from it, by 
means of cream of tartar and salt, a king (regulus) is made, steel-iron 
bemg added to the apiesaglas during fusion. Thus by an artifice a 
wonderful star is obtained which the learned before my time have 
termed the ‘ philosophical signet star * . Take good Hunganan 
spiessglas, and with the same quantity of crude tartar and half as 
much saltpetre rub these small and lot them fuse well in a wind 
furnace , afterwards pour out mto a mould and allow to cool, when a 
regulus is found ” 

Basil Valentme was well acquainted with the starred surface of pure 
metalho antimony, and remarked that the starred and the unstarred 
antimony had exactly the same composition, and that the starred one 
was due to the use of iron m its preparation , while, in opposition to 
tins idea, other chemists of the period traced the cause of the starred 
one to the favourable conjunction of stars He also knew that anti¬ 
mony did not possess the full character of a metal, and for this 
reason he called it lead of antimony Furthermore, he noticed that 
apiesBglaa contained sulphur, and he was acquainted with sulphur 
auratum (a mixture of SbgSg and SbgSg). He gave distinct recipes 
for the preparation of antimony trichloride (butter of antimony), 
po\^der of algaroth (basic chloride of antimony), antimony trioxide, 
pofcaasio antimoniate. In his time antimony was used for the pre¬ 
paration of printers’ type, mirrors, and bells, and was also used as 
mediome. 

The story of the accidental poisomng of certain monks by spiessglas 
administered to them by someone who had observed that pigs could 
be fattened if they were fed with a little spiessglas, thus origmatmg 
the word “anti-mome,” * has been proved by Kopp to be without any 
foundation, as Basil Valentine wrote his book m German , and hence 
the story must have been invented by a Frenchman. It has been 
suggested that the woid “ antimony ” might be denved from “anti- 
monos,” meanmg, opposed to solitude, as it was supposed that it 
could only be found m combination with other elements in nature 

Paracelsus was the first one to use antimony as' a medicine to be 
taken internally His emetic was a solution of antimony in wine 
In the year 1664, not long after the death of Paracelsus, a woik on 
antimony by Lrouis de Launnay appeared In 1666 the Pailiament 
forbade its use as medicine, but this law was, upon the decision of 
the Faculty of Pans, repealed m 1650 

* The term “ untiraoiuum ” is found m the wiitmga of Constantin, a doctor, 
who lived towards the end of the twelfth century, long before Basil Valontme. 
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Boyle, in his book On the UmvcceBefulness of Experiments {Op&ia^ 
ed 1772, 1 326), says '‘And ifc may perhaps also be fiom some 
diversity either m antimomes or irons, that eminent chemists have 
(afi we have observed) often failed m their endeavours to make the 
starry regulns of Mars and antimony. Insomuch that divers artists 
fondly believe and teach (what our experience wiU not permit us to 
allow) that there is a certain respect to times and constellations 
requisite to the producing of this (I confess admirable) body Upon 
this subject I must not omit to tell you that a while since an 
industrious acquaintance of ours was workmg on an antimony, which, 
unawares to him, was, as we then supposed, of so peculiar a nature, 
that making a regulus * of it alone without iron, the common way 
(for this manner of operation I inquired of him), he found, to his 
wonder, and showed me his regulus adorned with a more conspicuous 
star than I have seen m several stellate reguluses of both antimony 
and Mars,” Lemeny, m his Gowrs de Chymie, 1676, argued against the 
idea that the planet Mars had anything to do with the appearance of 
the stars m antimony. 

With regard to the metallurgy of antimony, Agricola, m liis 
Mining^ book xu., 1657, wrote —“The liquation is done in pots. 
The pot, with holes in the bottom, is belly-like shaped, that is, narrow 
at the top, and is placed over an empty vessel, supported on a bod, 
upon which and around the pots are thrown earth and coal-dust, 
which is heated with logs of wood from above ” After this unpractical 
method came the method of Balthasar Bossier, who in 1660 wrote 
Bpemdvm 7rhetallwrg%(B pohUssmmm His experiment runs thus*— 
20-30 centner (quintal =100 lbs. m weight) of the sulphide of 
antimony are allowed to melt m an oven The liquid is mixed 
with 10 per cent of its quantity, 3 parts of saltpetre and 1 part of 
ashes of wood. This mixture is allowed to stand until a slog is 
formed. In order to extract the silver or gold contained in the 
metal, it is mixed with an equal quantity of iron, or half as much 
copper or lead This is put mto a refining furnace and is allowed to 
remain there until aU the “ Spicss ” is volatilised. Still later than 
Bossier, Lazarus Broker recommended the following method.—The 
sulphide of antimony, togother“with non needles, was melted befoie a 
blast or m an oven, with the use of saltpetre to cover the liquid, 
which, after solidification, must be remelted three or four times, imtil 
the beautiful stars appeared upon the surface of the metal. The 

* One part of ontimony in one thousand paita of gold la sufficient to destroy the 
workmg properties of it. From this peouhar action the ancients gave it the name 
“ rogujufl ” or little king.*' 
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precipitation method came after this In the eighteenth century 
the roast-reduction method commenced to be used, in the thirties 
of the mneteenth century, the reverberatory furnace, and m 1896 
electrolytic antimony first appeared m the market.* 
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CHAPTER II. 


THE CHEMISTRY OF ANTIMONY. 

Section 1 — The Atomic Weight op Antimony. 

(а) Selection of Atomic Weights.—Berzelius in 1862 already knew 
that the ratio of the oxygen contents of the three oxides of antimony 
is 3.4 6, but he wrote thoir formulee as SbOg, Sb04, SbOg, and con¬ 
sidered the doable of 129 the atomic weight of antimony. When 
he, however, found out in 1826 the existence of the sesqui-oxide, he 
changed the above formulee to SbgOg, SbOg, ShgOj., whereby Sb= 129 
Gmelin at first gave the same formulee, and put 6 4’6 as the atomic 
weight; but they were subsequently changed back to SbOg, Sb04, SbOg. 

It IB now admitted that antimony has three H-equivalents, which 
are i elated to one another as 5 • 4.3, that is, Sb^w Sb^s. 

Now, we consider 120 as the true atomic weight of antimony, for 
the reason that this number is in harmony with the following laws 
and rules;— 

1. With Avogadro^s Law, smoe the number 120 denotes the 
smallest quantity of antimony which, m a vaporous condition, can be 
present m combination m a double normal volume Also the content 
of oombmation of antimony in solution, aocordmg to the theory of 
van’t Hoff, is m harmony with this number, in so for that the 
phenomenon of its being a cathode through hydiolysis is not entirely 
absent, this being due to the weak basic character of antimony 

2. With Diilong-Petii^s Ride, since the atomic heat, as calculated 
with this number, amounts to between 6 0-6 3, winch hardly deviates 
from the normal value 

3. With the Theory of Isomorphism, Wo know only so much about 
it that the element Sb is isomorphous with the elements arsenic 
and bismuth, and also with its next atom-analogies from the same 
natural group, 

4 With the Periodic Law The properties of antimony and its 
compounds are the functions of its atomic weight, 120 

(б) Deter mi nation of the Atomic Weight —1 Berzelius in 1812 
devoted much time and energy to rletermine the atomic weight of 
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antimony, but expressed himself with great dissatisfaction as to the 
results obtained, in tho following words. “ Ich hahe memals mit 
einer Materie^ wo es so aussei ordentlich schwer gewesen honstante 
RmdtaU zu erhalten^ gearbeitet ” He oxidised metalho antimony 
with the aid of mtric acid, and then heated the residue, whereby 
from 100 parts of antimony he obtained 124 8 paits of SbgO^ Hence 

124-8 100 = Sba + 64 Sbg. 

.• 100Sba+6100 = l‘24 8Sba, 

24 SSba=:6400 

. Sb = 129, approximately. 

This number 129 was considered by Berzelius as the true atomic weight, 
and had been taken so until the ’fifties of the nineteenth century 
2 Kessler, 1855-60 The work of Kessler does not show any 
particular exactness, the interest of his work lies in the fact that he, 
for the first time since Berzelius, obtained results which approach 
more closely to the true value 120. The following are his results .— 


cb. Through oxidation of SbjOg from 100 parts Sb =123 84. 

5. „ „ of Sb with KgCra 07 =128 61, 

0. ,, ,, of Sb with KGlDj and KaCraO^ =123 72 

d ,, ,, of SbgOj with KClOg and KaCra07=123 80.* 

fl ,, ,, of ShgOg with KaCiaOy =123 85. 

f ,, ,, of emetio tartar =119 80 


3. Schneider in 1866 reduced a natural sulphide of antimony from 
Atnsberg to its metallic form in a oiirient of hydrogen From 100 
parts of Sh,Sg he obtained 28 62 as an average value of sulphur 
evolved Hence the proportion. 

2Sb 33 = 100-28 52 28-62. 

• Sb = 120-58. 

4. Rose in 1856 published the results of the analysis of antimony 
ohloiide by Weber, in winch he gave 120 63, the mean value of 
120 2 , 121 1 , 120 6 

6 Dexter m 1867 carried out some valuable work m Bunsen’s 
laboratory to determine the atomic weight of antimony He carefully 
weighed out a small quantity of antimony and oxidised it with nitric 
acid, and finally boated the residue until it was convcited into Sb^O^ 
From 100 parts of SbgO^ theie were 79 283 (average value) ports of 
Sb. Heuce the propoitiou 

2t5b 64 = 79 283 20 717 
. . Sb = 122 46 

6 Dumas in 1869 caused chlorine to act upon metallic antimony, 
* In 1861 KobbIgi collected this value iind changed it to 122 36 
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and, to be sure that there was no free chlorine present^ he distilled it 
many times through pulvensed antimony. A suitable quantity of the 
trichloride thus obtained was taken and was decomposed by means of 
a solution of tartanc acid. The ohlorme thus set free was determined 
by the quantity of silver chloride that could be deposited in a bath of 
silver solution of known strength Hence the foUowmg proportion : 

SbOla . 8Ag=70‘612 100 
(the atomic weight of Ag taken to be 107 92). 

Sb=121-88. 

This value is a little too high, due to the fact that the trichloride 
used contamed some oxychloride, as was proved by Cooke later 
7. Unger in 1871 made an analysis of Sohhppe's salt, NagSbS^.QHgO, 
and found that the result was best in harmony with the given 
formula when 120 was taken as the atomic weight of antimony. 
From 7 347 gmos. of Sohlippe's salt he obtained 3 291 grms. of 
sodium sulphate and 3*0864 grms. of pure antimony pentasulphide. 
Hence, from the relationship 

8N«LjS 04 : SbaSB=8‘291 : 3*0864, 

Sb=119 71 

8 Oooko, 1877. The analytioal work of J P Cooke, in regard to 
the atomic weight of antimony, started a new epoch m the history 
of the deteimination of atomic weights. Cooke followed in the foot¬ 
steps of Stas with particular legard to his methods of working and 
to hiB exactitude in chemical manipulations, but worked always with 
small quantities of substances, thus reducing the source of error to a 
minimum, this being in opposition to Stas’ practice, who was known 
always to use large quantities of substances, even sometimes up to 
several hundred grams. 

The following independent methods for the determination of the 
atomic weight of antimony are given by Cooke — 

fit. Synthesis of Antimony Trisfulphide —Bolls of antimony were 
dissolved m part m hydrochloric acid m the presence of some nitnc 
acid The solution was boiled until it became colourless and only 
trivalent antimony was present The loss in weight of the balls of 
antimony gave the quantity of antimony dissolved. The solution was 
then diluted with a solution containiug acetic acid. Water impreg¬ 
nated witli hydiogen sulphide was added by means of a syphon, and 
the antimony trisulphide thus formed was washed six times with hot 
water. After this it was dried at a temperature of 130° and at 
210" the led trisulphide was changed to its black modification. In 

* The scale used in this book is Centigrade 
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the red modification Oooke found the average sulphur content to be 
28*5731 , hence the ratio 2Sb . 38 = 71*4269 28*6731, whereby Sb- 
120 22. In the black modification he found the average sulphur con¬ 
tent to be 28 6182 j hence the proportion 2Sb 38 = 71*4818 : 28*6182, 
whereby Sb = 120 54. 

p. With anhmon^ tnchlonde the analysis gave 15b = 121 86, 
while with anUmony trihromide Sb= 119 882, and with cmtimony 
iodide Sb=119 86 

,In the years 1880-81 Cooke made hia final determmation of the 
atomic weight of antimony. This time he used antimony tnchlonde 
and made the determination by the gravimetric method. The result 
obtamed was Sb = 119 88. 

Sv^mmary ,—The following is a summary of the different values 
assigned for the atomic weight of antimony as obtained by different 
workers and investigators employing different methods *_ 


Authonty 

Years 

Berzelma 

1812 

ji • • 

Kessler . 

1856-60 


ti 


11 

IJ • . * 

11 

1 > • 
Sobneidei 

1860 

Rose (Weber) . 

II 

Dexter 

1867 

Dumas 

1869 

Unger 

1871 

Cooke 

M • • 

1877 

M 

n 

II • 

II 

>1 

II • • 

11* 

II • 

11 

11 • . . 

II • 

II • 

1880-81 

Solmeider 

im 

Pfeifer 

1881 

11 • 

II 

Bongartz 

1883 

Popper 

1886 

Fnend and Smitli 

1902 


Proportiona 

2Sb SbnO. 
2Sb ; abi9. 
SbnO* , Oq 


2Sb . Oo 
2SbGl3 On 
SbOls SAgOl 

BCOiHjKSbO,, iHaO] KaCraO- 
ShjSa 2Sb 
Analysis of SbCls 
2Sb SboO. 

SbCla. 3Ag 

8NaoS04 SbgSa ^ Scblippe*s salt 
2Sb Sb2Ss (led modification) 
2Sb • SbgSg (black modification) 
SbCla 8AgCl(Ag=107 92) 
(Ag= 107*00) 
SbBrg 8AgBr(Ag=107*92) 
(Ag=107 00) 
Sbla SAgI(Agt=107 02) 
SbBrg . 3AgBr(Ag = 107 92) 
(Ag=107 90) 
SbBi'g 8 Ag(Ag= 107 *92) 
SbaSg 2Sb 
80ii° . 2Sb™ 

3Ag Sbiu 
2Sbiff • SBaSO. 

SAg Sbiw 

O^H^SbO^ . KOI 


Atomic 

Weiglit 

129*0 
128 9 
120 86 
121 81 
121 21 
124*26 

119 59 

120 63 

120 63 
122 46 

121 88 
119 71 
120*22 
120*64 
121*86 
121 84 
110*91 
119 88^ 
119 86 
119 90 
119*88 

119 90 

120 41 
122*36 

121 36 

120 64 

121 20 
120 43 


The Inteniational Commission for the Determmation of Atomic 
Weights took 120 as the true atomic weight of antimony, but since 
1902 it has been changed to 120 2. 
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Section 2.— The Element Ajatimony 

Antimony, like phosphorus and arsemc, has several allotropio 
modifications Besides the gray form of antimony, the most 
common and the best known, there is another form which is an 
explosive This latter is very unstable and changes easily to the 
stable metallic form The most unstable modification is yellow 
antimony, which does not possess any metallic property, corresponding 
thus to white phosphorus and yellow arsenic 
Metallic Antimony —Pure antimony os a silver-white,* shimng, 
brittle metal. By slow coohug it crystallises m the hexagonal system, 
isomorphic with the gray form of arsenic, while rapid cooling makes it 
granular and orystallme. Moreover, when molten antimony is allowed 
to solidify slowly without any disturbance, and when it is covered by a 
layer of slag, a fem-like appearance is seen on the solidified surface. 
This IS the So-called “ antimony star ” or regulus cmUmoTm stellatus 
The specific gravity is 6 6178, according to Kahlbaum, Siedler, and Hot. 

The coefficient of cubical expansion, between 0** and 100", is 
0 003161. The coefficient of linear expansion depends upon the 
direction taken, being 0*00001692 at 40* along the axis of the hemi- 
dodecahedron, and 0 00000882 at the same temporaturo along a 
direction perpendicular to it (Landolt^ Meymhoffer), 

The metal is a conductor of heat and eleotiicity. The electrical 
conductivity, in reciprocal ohms, is 2 71^®^ at 0*, 2 47^®^ between 0“ 
and 37*, 0*62^®^ during melting, 0 881®’* when it changes entirely 
into a liquid state, and 0*82^^ at 860*. The absolute conductivity 
for heat is 0 042 between 0* and 30", 0 0442 at 0*, and 0 0396 at 
100“ {Landolt^ Boniateinj Meyerhoffer). 

The spocific heat is as follows •— 


Temperature 

Inteival. 

Specific Heat. 

Obaoi ver. 

-18c“to - 79 

0 0462 

Behn. 

- 79 to + 18 

0 0484 

f 1 

- 75 to - 20 

0 0499 

Pebal and Jahn 

- 20 to 0 

0 0486 


0 to + 83 

0 0495 


0 to +'100 

0 0496 

Ihiusen 

17 to 92 

0 06079 

Gacdo. 

16 

0 04S00 

Naccan 

100 

0*05031 

} t 

2ri0 

0*06198 

If 

SOU 

0'06366 

II 


* With a Blight UiJge of blue, which may be iiitonBificd by the preapnoo of 
impuntiea in the metal 
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The mbtal melts at 630*6" {Holhorn and Day). La this liquid 
state it can dissolve not only the solid metal itself, hut also the 
sulphide of the metal 

The boilmg-pomt of the metal under atmospheric pressure is 1300"; 
it is 290" m the vacuum of cathode light B&rgfdd). The 

colour of the fume of antimony is green {LvricTc). 

ILsplosive Antimony.—In a bath of hydrochloric acid and antimony 
proto-ohlonde, with antimony metal as anode and platinum-foil as 
cathode, metalho antimony is deposited upon the cathode. This 
antimony is quite different from the ordinary kmd. Its hardness is 
less, bemg 5*78, and it explodes, when it is scratched with a sharp 
pomt, with the development of heat and the setting free of white 
fume When it is rubbed with a pestle in a mortar, strong detonation 
occurs, with a simultaneous development of hght and heat The same 
phenomenon can be produced when the dried substance is heated to 
200", the resulting reaction product bemg the ordinary antimony. 

Recently E Cohen and his students have made researches into this 
remarkable explosive form of antimony It can be obtained through 
electrolysis from a solution in chlorine and bromme, while, on the 
other hand, from a solution in fluorme alone only th'e^ ordmary 
antimony can be obtained, \Mthout any admixture of halogens. 

The important factors for the production of this particular explosive 
form of antimony are a particular temperature and a poi-ticular halogen 
concentration, the concentration of H bemg ummportant. The follow- 
mg table shows the fact that the temperature to render the explosive 
modification unexplosive varies directly os the concentration .— 
Concentration 

10% SbOls, at ahining and explosive, 28®, not ahinmg and not explosive 

Ifi 6/^ I, at 0 , ]i ,, 80 , ,, ,, ,, 

21 2y(^ ,, at 10 , ,, I, 60 , ,, ,, ,, 

As a rule, the higher the concentration of the electrolyte is, the 
larger the quantity of the halogens taken up by the metal 

Its heat of solution is higher than that of the ordinaiy kind 
Hence the heat of transformation is the difference between the two, 
which IS calculated to be 20 to 21 calories 

The sensitiveness of the explosive modification decreases with an 
increase of the amount of halogens m solution The stabihty 
mcreases as the temperature decreases Comparatively, the explosive 
modification is meta-stable It is still uncertain wliether it is 
crystalline or amorphous 

Black Antimony —Anothei meta-stalile foim of antimony is black 
antimony It is produced when metallic antnnuny vapoui is 
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cooled. For its production a vacuum la used, such as that 
I for the production of yellow arsenic, heated inside by elec- 
id cooled externally by liquid air. It can also be produced 
Lg a current of oxygen mto liquid antimony hydride at - 40", 
itmg the yellow modification of antimony at - 90". 
lack modification la amorphoua, has a specific gravity of 5 3, 
Bier hquefied and is more active chemically than the ordinary 
form. It oxidises easily m the air under ordmary tempera- 
d IB sometimes spontaneously combustible. At 100° it 
gradually to the ordinary metal, but suddenly at 400" 

V Autiinony —It la the moat unstable of all the modifications 
ony. It was discovered by Stock, Guttmann, and Siebert, 
asponds to white phosphorus and yellow arsenic. It cannot 
iced by a sudden cooling of antimony vapour, but only by 
ng oxygen mto antimony hydride at - 90" The reaction 
accelerated by ozonismg. It can also be produced by the 
chlorine upon antimony hydride 

ted, it IS very unstable and changes into the black modifica- 
^e - 90" under ordinary light 

cal Properties,—Pure antimony oxidises very little at the 
temperature. By being heated it is converted into the 
which rises in the form of smoke from the upper surface of 
bl. It can also be oxidised by any oxides that can easily give 
■ oxygen component, eg manganese peroxide, quicksilver, 
Les, etc. It can also be oxidised in the presence of steam, 
■n reduces the trioxide 

loeutrated mtno acid the metal can be converted mto the 
or the pentoxide through the agency of nitrous oxide, 
xide IS produced depends entiiely upon the temperature and 
jentration Powdered antimony, particularly if previously 
B powerfully acted upon by ohlorme and bromine, resulting 
)roduotion of pentachlorides or pentabromides, with evolu- 

Lght 

lony is attacked by hydroohlono acid only when it is in the 
very fine powder. Dilute siilphurio acid does not attack it, 
ith hot concentrated acid it forms antimonious sulphate 
gia in the cold dissolves it easily, forming the pentachloride. 
Ignited with a mixture of nitre and soda it explodes, forming 
jno antimoniate. With alkaline mliate and chlorate the 
jorepitates, resulting in the formation of an ontimomate. 
netalloids, with the exception of boron, carbon, and silicon 
npouncls with antimony 
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Sbotion 3.—Tee Compounds op Antimony 

Antimony has three valences, 3, 4, and 6.* Its chemical pro¬ 
perties are very similar to those of arsenic. In other ways it stands 
close to the zmo group, particularly to the elements germanium and 
zinc. The hkeness between antimony and germanium is so close that 
the discoverer of the latter at first called it Eka^antimony of 
OlendelejeflF. Analytically, antimony presents some difficulty m its 
separation from zmo. ^ 

A. The Oompowade of Antvmmiy of 3 YaLencee. 

In this condition antimony is a weak base and possesses an electro¬ 
positive character. Its ion concentration is not great 

Ai^tLmony Hydride, SbHg —It corresponds to phosphorus hydride 
(PHq) and arsenic hydride (AsHg), It was discovered by Lewis 
Thompson in 1837, and about the same time independently by Pfaff 
However, the production of pure antimony hydnde and the deter¬ 
mination of its physical constants are matters of recent times. 

It IS formed when hydrogen is generated in the presence of a 
soluble antimony compound, or when the compounds of antimony 
and the alkali metals are decomposed by water, or when an antimony- 
zmc alloy is treated with sulphuric acid or hydrochlono acid 

It can also be formed when metalbc zinc is treated with a weak 
solution of hydrochlono acid or of sulphuiio acid on the addition of 
a solution of antimony salt. 

According to Stock and Doht, 1 gram of the alloy of zinc and 
antimony (Zn:Sb=4:l) m a mixed solution of tartaric acid and 
hydrochlono acid can pioduoe 01 to 0 15 gram of pure antimony 
hydride. But according to Stock and Guttmann a better result 
could be obtained by putting finely powdered magnesium antimomde 
(Sb. Mg= 1: 2) into a cold weak solution of hydrochloric acid. 

Antimony hydride is a colourless, inflammable gas with a charac¬ 
teristic damp and weak hydrogen sulphide smell. It burns with a 
greemsh flame, producing a white smoke of steam and antimony 
tnoxide 1 cm ® weighs 5 302 mgims at 0“ and 764 mm pressure 
On an average it is 4360 times heavier than air and 3994 times 
heavier than oxygen. The observed density, on account of mole¬ 
cular association or of molecular attraction, is 2 96 per cent, more 
than the theoretical one 

The boilmg-pomt of the liquid is - 18® {OlszewBlcfi) The specific 
* May be called tu , quadii-, quinqui- 
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density 2 26 at - 26° and 2 34 at - 60° {Stock and Giitt/timmi) 
At -91*6° it becomes solid {Olszewski) 

1 vol of water can dissolve-J^vol of antimony hydride, 1 vol alcohol, 
16 vols \ 1 vol. carbon bisulphide, 260 vols. at 0° The inhaling of 
even a small quantity of SbH, will produce giddiness and headache 
Antimony hydride is endothermic. Berthelot and Petit have 
determined that 84*6 calones of heat will be set free from the 
decomposition of one of its molecules. From this it can be deduced 
that its decomposition may be accompanied by explosion 

At ordinary temperatures the rapidity of its decomposition depends 
upon the nature of the vessel oontaimng it. In antimony hydride we 
have an instance of what is known as “ auto-katolysis.” The decom¬ 
position of liquefied SbHg at room temperature is very rapid; while 
m a gaseous state its decomposition at such temperature is slow 
Antimony hydride is very sensitive towards oxygen. At ordinary 
temperature these two gases react on each other with the formation 
of water and antimony. Even at - 90“ (the meltmg-point of SbHg) 
this reaction is stiU possible, with the production of yellow antimony, 
while at the temperature of liquid air there is no such reaction 
The oxides of nitrogen can easily be reduced by SbHg With 
chlonne it reacts with a simultaneous development of light and a 
loud noise, with bromme it reacts with less energy, and with iodine 
the action is slower still Alkalies decompose it When it is acted 
upon by powdered sulphur, the resulting products are sulphuric acid 
and orange sulphide of antimony. 

Alkyl-combination —Antimony hydride (SbHg), like arsenic hydnde 
(AsHg) and phosphorus hydnde (PHg), can give rise to orgamo com 
pounds m which the H-component is replaced by an alkyl It is 
then called BUhvne It can be produced by allowing lodme-alkyls 
to act upon potassium antimonide or upon sodium antimonide, or by 
the reaction between antimony chlonde and zmc-alkyls. 

It is self-inflammable and is not soluble m water It reacts upon 
oxygen, sulphur, and chlolcine with the formation of SbRgO, SbRgS, 
SbRgClg It behaves like a metal thus — 

SbRg + 2HCl = SbR3C]2 + Ha 

Some of the constants of the compounds are .— 

Boiling-point Sp Gr. (16®). 

Tnmethylatibme, Sb(CH8)8 . . 81® 1 628 

Tnethylatibine, Sb(C 3 HB )3 . , 169“ 

Like phosphme and arsme, the tertiary stibme has the power of 
combining with lodme-alkyls, forimng a salt which is called the 
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compound of stibonmm. In a solution it can be ionised into SbR 4 
and I' 

Some other compounds are • Tetramethylstibonium chloride, 
Sb(CHg)jCl, tetraethylstibomum chlonde, Sb(C 2 Hg) 4 Gl, tetramethyl- 
stibonium hydroxide, Sb( 0 H 3 ) 40 H. 

Antimony Tnhaloids.—^Antimony combines with the halogens 
to form a senes of characteristic compounds For fluorine, 
ohlorme, and iodine there occur the tn- and pentahaloidfe; and for 
bromme only the trihaloid is known The characteristic of the 
tnhaloids is the capabihty of bemg hydrolysed ^ and m water they 
form insoluble oxyhaloids. 

Antimony Trifluondefi.—When metallic antimony is brought into 
an atmosphere of fiuonne, it bums, with the production of a white 
solid fluonde, probably the trifluonde {Moisscm), When antimony 
tnoiide IS put mto hydrofluono acid and the solution is gradually 
diluted, crystals of fluoride are deposited. As an amorphous mass, 
it can be produced by dry distillation of antimony powder with 
quicksilYe/ fluonde. 

The tiifiuonde is dimorphous, and it crystallises generally in rhombic 
ootahedra, but sometimes also in prisms. According to Ruff and Plato, 
its specific gravity is 4*379 at 20 9", and its molecular volume 40 3 

By mixing antimony tnoxide and the carbonate of alkalies in 


hydrofluono £W3id, the following complex alkali-antimony fluondes are 


obtained — 





Chemical 

Formalffi. 

Giyatalline 

Forms 

Solnbihty 
m Water 

Remarks. 

Observers. 

LiSbF^, LiF 

Crystallises with 
difficulty 

Small priams 

1 >20 


Fluckigei 

NaSbF., 2NaF 
KSbF4 

1 14 



Large rhombic 

1 2 8 

Becomes dull 

f ] 

ootahedra or 
pnsms 


in air 


KSbP4.KF 

Leaf-like or m 

1 . 9 (at 13") 

Melts at 120" 



plates. 

1 <2 (boil¬ 





ing-point) 



NH4SbF4 NH4F 

Rhombio plates 

1 0 9 (cold) 

... 

91 


or piiaina 




08SbF4 

Pnsma. 


• 

Wells and 
Metzger 

aSbF^.CsF 
4C^bF4 SSbFa 

Rhombio pnsms 
Generally in 

... 


... 

plates. 




CaSbF4 SbFg 

Needles. 


... 


C8SbF4 2SbP, 

Pnsms 

. 


. 
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A solution of this kind of salt has an aoid reaction, thus showing 
that the salt m solution is at least partially dissociated into an alkali 
fluoride and an antimony fluoride 

Antimony Trichloride.—This compound has been known since the 
time of Basil Valentme, who knew a method of producing it by dis¬ 
tilling chloride of mercury with antimony trisulphide, and named it 
“ butyrum antimomi ” 

When afitimony sulphide, taken in excess, is heated m a current of 
chlorine, the resulting product is a mixture of two chlorides, chloride 
of sulphur and chloride of antimony, which can be separated by 
fractional distillation 

The best way to produce chloride of antimony is thus —1 part of 
crude antimony is added to 4 to 5 parts of concentrated hydrochloric 
acid in a retort, in which, from time to time, a small quantity of 
potassium chlorate is placed in order to oxidise any accompanying 
sulphides that might be present m the crude material used. The 
distilling of the solution is commenced as soon as the sulphide is 
completely dissolved. If the material contains much lead, the latter 
will be separated out as lead chloride with a violent pressure on the 
wall of the vessel. When this happens, it is best to allow the 
solution to cool down and to pour off the liquid from the deposited 
residue. The concentration of the liquid is continued until a diop 
from it becomes solid. On redistilhng it the chlorides of foreign 
metals remain behind, while the chloride of antimony, together with 
a little iron chloride, is distilled over In order to obtain an iron-free 
chloride, it is then put into water, when the iron chloride is dissolved 
and the antimony chloride is changed mto an insoluble oxychloiide 
This is washed, redissolved in concentrated hydrochlonc acid, boiled, 
and then distilled as before. The distillate will give rise to 
transparent, white crystals of the rhombic system At 26" the solid 
chloride has a specific gravity of 3*064 {Lamdolt, 

Meyerhoff&r) The meltmg-pomt is 73*2", and the specific density of 
this colourless hquid is 2*676 The molecular volume is 100 7 {Kopp), 
The boilme-noint is 223" under atmospheric pressure, 113*5“ under 

w), and 103" under 14 mm 
', or a little more than 7*85, 

apnide of carbon and ether. The 

complex salts of antimony chloride 
nts:— 
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Complex Salts (Coloitjiliiss) 


Chemical Formulas 

ChystaUine Fonns 

Observers. 

KaSbClg 

NaaSbOL, 

(NH4)aSbUlg 

OTystalliiLe leaves. 

j> n 

Right-angled piianls 

Fohlmg’s Diet 

SbClg 2KC1 

Triclmio columns. 

••• 

SbOl. 2 NH 4 CI HaO 
2 SbCl 8 SCsOl 

Gabes. 

Saunders 

SbClg RbOl 
2 SbCla RbCl HgO 
10SbCla.28RbCl 
ySbOlj 16RbCl 

... 

Saunders & Wheeler 
Wheeler. 

•• 

Saunders 

If 

SbCln BaCL 2iHaO 
2SbClg.Hdl.2HaO 

Star-like needles. 


CiystaUino leaves 

Hngal. 


Besides these products of addition, there occur a gieat number oF 
products of displacement With concentrated sulphunc acid the 
chloride is changed to the sulphate, with the production of hydro¬ 
chloric acid 

The solubility of the trichloride is as follows (after Bemmllen^ 
Meerhwg^ and Noodt ):— 

Tempei-atoe 0“ 16" 20" 26" 80" 85" 40" 50" 60" 72" 

Mol SbOlg in'! 73 Q 73 0 g^.g g^.g 8 162-6 360-4 oo 

100 mol. HgO J 

An excess of water will give rise to a strong hydrolysis and the 
separatmg out of basic antimony chloride, the composition of which 
depends upon the temperature and the quantity of water. 

If heated with antimony sulphide, the chloride is changed to the 
sulphochloride, which is used as a mediome and as a corrosive or 
maceratmg agent for wool 

When antimony chlorine is dissolved m formamide, a pecuhor 
phenomenon is observed The chlorine atoms of the chlorine 
gradually change places with the NH.COH as dilution moreases, 
with the formation of a senes of ever-changing compounds, thus:— 

ST3(NH00H),. 

This kind of reaction is called amidolysis (Brv/ni and Mannelli) 
Antimony Tribromide,—When powdered antimony is put into a 
solution of bromine, the intensity of the heat evolved is so great that 
the bromine is vaporised and the metal is melted. In order to 

2 
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oounteraot this effect, hisulphide of carbon is used. The solution 
then distilled, producing the tnbronude, which can be purified 
sublimation Obtained in this way, it is a colourless crystal! 
mass, though crystals belonging to the rhombic system can be forn 
from a solution of bisulphide of carbon The specific gravity of 
sohd mass is 4 148 at 23" It melts at from 90" to 94", formini 
liquid having a specific gravity of 3 641 Its molecular volume 
116 8 [Kopp) The boiling-point is 276*4“, and the specific dens 
of its vapour is 12 67 {Worcester), 

Its chemical properties are analogous to those of the trichloride 
It absorbs water from the moisture of the air, and m water 
changes mto an oxybronude. 

The complex salts are — 

2 SbBr 3 SRbBr, lOShBrj 23RbBr ( WTieeler), 

and the yellow ammomum salts are 

SSbBrg 7 NH 4 BT, 2 SbBrs. 8 NH 4 Br (Oaioen), 

Anttmony Tri-iodidC con be best obtained by puttmg the \ 
verised metal in a solution of iodine m bisulphide of carbon v 
a shght excess of the metal The medium used is then distiUed 
and the product thus obtained is purified by sublimation {Nich 
ITie reaction will be very energetic and violent if bisulphide of car 
IS not used The powder must also be added m small quantity u 
time. 

The solid tri-iodide has been observed to possess three allotrc 
modifications, the relationship of which, one to another, is not 
known. The stable form, oiystaJlising m the hexagonal systeni 
obtained by sublimation at a temperature over 114". It can also 
obtained from a diluted solution, It is red, and its specific gra 
IS 4 848 at 26". It is isomorphic with bismuth iodide The in 
stable form, orystaUismg in the monoohnic system, is obtained 
allowing the carbon bisulphide solution to be evaporated in sunsh 
It IS red, and its specific gravity is 4 768 at 220". The most unstt 
of the three la the greenish-yellow rhombic form, which is obtai 
through sublimation at a low temperature At higher temperati 
the two unstable forms change to the stable modification. 

The meltmg-pomt of the stable form is 167". The liquid is gai 
red and boils at 401", forming a red vapour, the specific densit 
which is 17 69, the theoretical one bemg 17 33 
The tri-iodide is soluble m carbon bisxdphide, alcohol, and bci 
It is changed to the sulphate in sulphuric acid. 
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The other properties of the tri-iodide are analogous to those of the 
trichloride and the tnbromide 

The following ajre some of the complex salts •— 


Ohemical Formulfla. 

Colour 

OrystalliBation. 

ObsQivars. 

Sbl 3 . 9 HaO 
aNH^Sbl^ NH4l SHaO 

Bed. 

Dark - browniflh 
blaok. 

Bed. 

Pnama 

Small leaves 


2NH4Sbl4 NH4I 

ti 

Oaven 

NH4Sbl4 8NH4I 


Prisms. 


NH4SbL SNH4I SHgO 
BaSbL 9 HaO 
2 RbSbX.E.bI 

Almost blaok 



Orange-red. 

Bhombic pnsms. 

Wheeler, 


Antimony Trioxide, Sb^Og —In nature it appears under two forms 
as rhombic oxide and as senarmontite belonging to the octahedron 
form of crystallisation It can be artificially produced by roasting 
pure antimony m a crucible with a current of air The oxide thus 
obtained might contain some tetroxide It can also be obtained by 
heatmg the metal to red heat in a current of vapour {Reg7uml£), The 
two crystalhne forms of trioxide found in nature can be artificially 
produced {Bonsdorff, Mztsch&rlichf Wohler^ II, Rose^ Des CloiaeaiLx) 
The rhombic form has a specific gravity of 6 6, while the octahedral 
form has 6 22 to 5*33. The octahedral form can be transformed into 
the rhombic form by rapid heatmg. The specific heat of the tnoxide 
18 0 0927 between 18" and 100" {Neumann), When it is in the form 
of a white powder it becomes yellow when heated, regaining its 
whiteness on coolmg It melts at a dark-red heat, fomung a yellow 
liquid which, on being suddenly cooled, sohdifies to a gray mass 
resembhng asbestos. It is volatile and con be sublimed at higher 
temperatures. The specific density of its vapour is 19*60 at 16 60", 
as opposed to 19 19, the theoretical value (F. Meyer and C, Meyer), 
The trioxide is neither soluble'm water, nor in dilute sulphuric acid, 
nor in dilute mtric acid. With hydrochloric acid it is changed into 
the chloride, with taiiiano acid to the complex salts of antimony 
tartrate, and with the hydroxides of the alkalies to antimonates. All 
these are soluble in water. If the vaporised trioxide and air be passed 
over igmted, finely divided oxides of those metals which form com¬ 
pounds with antimonic acid, antimonates are formed from the reaction 
between the oxides and the antimonic acid 

The trioxide can be reduced by hydrogen to metallic antimony 
When the tnoxide is heated m the air, it is oxidised to the tetroxide, 
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SbgO^ Sulphur reacts upon the tnoxide with the formation of anti¬ 
mony sulphide and sulphur dioxide With antimony sulphide the 
tnoxide melts without decomposition, forming the so-called antimony- 
glass The tnoxide, especially in the form of vapour, is poisonous 

The equilibrium existing between the tnoxide, the tetroxide, and 
oxygen, and also the partial pressure exercised by the oxygen, when 
the metal is heated in the air, are still unknown 

Antimony HydroxideB or Hydrates.— The three possible hydrates 
of antimony, as deiived from antimony tnoxide, are.— 

HSb 0 a=(Sba 08 -hHa 0 ) or (SbO)OH, metantimoiuouB aoid or monohy¬ 
drate or metahydrate 

H4Sba05=(Sba03-}-2Ha0), pyro-antmiomoua acid 
Sb(0H)a=(Sb30a-l-8H20), ortho-antimomoua acid 

HSbOg is obtained by decomposmg tartrate of antimony and 
potassium with acetate or alkaline carbonate {Long), This hydi*ate 
presents the character rather of a base than of an acid. Nevertheless 
it can give nse to the formation of antimonites 

H^SbgOg is obtained by dissolving antimony tnsulphide m an alk alme 
liquor, which is subsequently sulphunsed by the addition of copper 
sulphate {Fres&niua and Schaffner) until a portion of the liqmd, 
filtered off, gives, with an acid, a white precipitate. Aided by heat, 
it changes gradually to the anhydnde form, even m the presence 
of water. The dissociation tension {Dissoziation&spamL'tung) of this 
hydrate is greater than the vapoui-pressure of water. Serono doubts 
the existence of this hydrate 

SbOgHg {Olwrlce and Stallo) is obtained by decomposmg tartrate of 
antimony and barium with an equivalent quantity of cold dilute 
sulphuric acid. After filtration, the hquid gradually gives nse to a 
deposit of white powder, which is then carefully washed and dried 
at 110“. 

These hydrates are not known as crystals They are amphotenc 
m character, on the one hand they behave like acids, formmg anti 
monites with the alkalies, and on the other hand hke bases, formmg 
salts of the acids used. 

Antimonites.—They are salts formed from the acids derived fronc 
SbgOg, and are obtained from a solution of antimony hydroxides uc 
alkabne liquor The sodium salts derived from HSbOg are:— 

Sp Gr 

NaSbOg. SHgO Octahedron. 2 ’86 Yory hard to dissolve in hot water 

NaSbOa 2HSb03 Large ciystals 6 06 Almost insoluble m water 

A solution of sodium metantimoiute gives a precipitate fron 
the salts of heavy metals, Cupiic antimonite is precipitated whei 
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a copper sulphate solution is added to a solution of tartar emetic. 
A solution of alkaline antimomte has a reducing character; for 
example, chromates can be thus reduced to chromites, etc. 

Antimonious Oxyhaloids.—When water is allowed to act upon 
the halogen combinations of antimony, it is observed that there 
results a deposit of a white cryatallme material By hydrolysis, a 
basic salt of antimony produces •— 

(la) A'iit%m(ywiouA oxyflv/onde^ Sb^OjjFg. This is obtained by eva- 
poratmg a solution of antimony tnfluoride FCl is evaporated oif, 
and a white oxyfluonde is left behind 

(16) SbgOyFio was obtained by Fluokigen from the action of 
humidity upon the trifluoride. 

(2) Antvmonioua oxycM<yndQ, This has long been known as 
the product of the action of water upon antimony tnchlonde 
Paracelsus (1493-1541), Glauber, and Basil Valentine wrote about 
the methods to obtain it They desonbed it as a white powder and 
called it mercwriiLB vitoB Later, Victor Algarotus, a physician, used 
it as a medicine, and hence it came to be called Algaroth powder In 
1871 Sabanejew first succeeded in unravelling its chemical composi¬ 
tion According to him, the first pioduct of water acting upon the tn¬ 
chlonde IS SbOOl, which, when agam acted upon, changes to Sb^OgClg 
Still later, van Biemmelen, Meerburg, and i^’oodt found another 
oxychloride whose probable composition is 2SbOCl.SbClg « SbgOgClg. 

(2a) SbOCl IB the normal oxychloride, giving nse to beautiful 
crystals It is soluble in bicarbide of sulphur, benzol, and chloro¬ 
form, but not in water, alcohol, or ether. 

(26) Sb^OgClg IS not soluble in alcohol, but is soluble in hydro¬ 
chloric acid and tartaric acid. It is the pnncipal constituent of 
Algaroth powder. 

(2c) ShgOgClg IS decomposed by water, with the formation of SbOCl 
(2d) SbaOClgg or SbOCl + TSbClg (Schneider and Sabanejew). 

(2c) SbOClg. 

(2/) SbaOCliB or SbOClg-b 2SbClB ( W%lhame) 

\^g) Sb 304 CV or 2SbOCl8 + SbO^Cl (Wzlhams). 

(2h) SbgOi^Clg (Qoohe^ Sabanejew, Frenzel) 

(20 lOSb^OgCla 

(за) Antimomous oxyhromide, Sb^BrgOg (Cooke, Serullas, and 
Mac-7nov) 

(зб) SbOBi (Cooke) 

( 4 a) Antimoiiious oxyiodide, Sbl^Or,, yellow ibli in colour, 

(46) SbOI 
(4c) Sb.OJa 
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Antimony Tnsnlphide, SbgSg—It can exist m two forms. (1) 
crystals, (2) amorphous 

1 Crystals —They can be obtained by fusing antimony and 
sulphur together in proper proportion and then compressing tho 
fusion product {Spnny), They can also be obtained by the following 
methods.— 

(la) Reduction by the use of sulphur m. excess upon oxide of 
antimony {Janncvsh and Remmler) or antimonate {UTiger), 

(16) Action of hydrogen sulphide upon the vapour of the triohlorido 
[Dwrocher^ Arctowshy) or any other compound of antimony (Oorwoi)- 

(Ic) Action of a solution of sulphur anhydnde upon antimony ixi. 
closed tubes {Geitner)^ 

(IcZ) Reaction between chloride of sulphur and antimony {Eer^*^ 
rrmrn and Kochlvn), 

(le) Reduction of oxide of antimony by sulphooyamde of potaasmrx'i 
at high temperatures {Wa^Ten). Action between tai tar emetic and 
solution of Bulphooyanide of ammomum in closed tubes heated t»c> 
230‘‘-260'’ {Weimchmk). 

(1/) Decomposition of the pentasulphide, heated to 200*-230‘' iiA 
a current of carbonic anhydnde {Bose, Paid) 

(ly) Crystallisation of the amorphous sulphide under the actioii 
of heat m a current of mart gas or hydrogen sulphide 
MitchelV ); or by the action of vapour m closed tubes heated to 200" 
{Schwmami, Be S^vcurTrumt). 

System of crystallisation, rhombic. Hardness, 2 to 2‘6. 

Specific density is as follows:— 


D =4 608 {Neitinann) 

D =4 624 {SchrMer) 
D3a=4 890 

= 4*614 to 4 641 
D =4*762 {KaTiStm) 
Difl=4 766 to 4*806 {Rose) 
D^=4*29 {Gooke) 
n„=4*640 (i2o5fl) 

D =6 01 „ 

D =4 67 


j- Natural sulphide. 

I pulphide produood by oombiiung the 
elements 

1 Scilj)hide produced by fusing the amor- 
1 phous sulphide. 

1 Transfonnation of the amorphous sul* 
J phide by dilute acid, 

Reduotion of the pentasulphide 


It IS a conductor of eleotncity Its specific heat is 0*0907 {N‘ewma 7 i,'?L) 
or 0 0840 {Regnault) 

2. Amorplious ,—There are three modifications of the amorphoxxa 
sulphide.— 

(2a) The ordinary metallio black sulphide It is easily powder ocl, 
giving a streak like that of graphite. Its specific gravity is betweenii 
4*6 and 4*7. 
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(26) The red modification is generally obtained m the presence of 
water Hence it may be considered as a hydrate of the trisulphide, 
Sb2Sg.2H20 But both Bose and Fuchs have been able to obtain 
this red variety, by q[uickly cooling the hqnefied sulphide, with 
the specific gravity 4'16 It can be obtamed thus .— 

a Dry Method {Gfmnchcmt and CkrStieTi) —A small boat, filled with 
the sulphide, is heated in a poroelam tube traversed by a current of 
nitric acid In the vicinity of the boat the porcelain tube is cooled 
by a current of running water, upon which the sulphide deposits 
The boat must be heated to 850“ The product thus obtamed 
contains a little sulphur, which can be washed off. Its specific 
density is 4‘278. 

Ffli Method —The product obtained by passing H^S into a 
solution of antindony salts or tartar emetic has an orange^red colour. 

(2c) The dark violet modification is obtamed by pouring the 
hquefied sulphide mto cold water In transmitted hght a thin section 
appears red. The streak is also red. 

When heated to high temperatures, the red modification changes 
to the ordinary black sulphide 

The density and the heat of formation of these three modifica- 


tions are:— 

Density. 

Heat of Formation 

Red .... 

. 4 120 

Wet=34'0 oal., diy=32-6 

Violet 

4-278 

83-9 

Black (melted) . 

. 4 652 

88 2 

Black (synthetic) 

4 660 



From the above, the heat of transformation can be calculated — 


Viol 0 t->blaok = + 4 3 oal 
Red (dry)->-blaok= + 5 6 ,, 

Red (wet)->black=+ 4*2 ,, 

Specific heat = 0 0816 between 20“ and 500 *; 0-220 at 500*. 

Meltmg-pomt = 665“ (PSlabon); the heat of meltmg = l7-5 cal. 
{Omnchant and Chretien), The specific heat above the melting-point 
= 0-263. 

The hquefied sulphide is capable of dissolving CugS, HgS, AgjS, 
PbS, and BiS The meltmg-pomt of the sulphide is lowered in a 
regular manner when any of them is being dissolved. This fact en¬ 
ables one to determine the molecular weights of these sulphides by 
usmg antimony sulphide as the solvent {&mnc7iant and Chretien^ and 
PUahon) The molecular depression constant of the sulphide is 
^=790 (determined from Ag3 and PbS), ^ = 797 (from Cu^S), 
and A =788 (from HgS) [PHahon), 
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The sulphide readily dissolves metallic antimony In fact, antimony 
and antimony triaulphide are soluble m each other This solution 
gives use to two layers, which have been studied by Chretien and 
Qumohant, and Pdlabon 

The specific density of a solution of antimony and antimony tn- 
sulphide IS.— 


Specific Density. 

Temperature 

The Sb Layer The SltgSj Layei 



0 

13 

6 76 


4 63 



643 



8 85 



698 

6 66 


• « ■ 



1116 



8-82 



1160 

6 45 




The composition of the Sb phase • 




Temperature, 

Per cent. 
Metal 

Tempeiature 

Per cent 
Metal. 

Temperature 

Per cent. 
Metal. 

539 

11 28, 

702 

16 8 

1086 

21*0 

505 

13-2 

760 

17 06 

1108 

21 8 

640 

14 34 

800 


1180 

21 8 

660 

16 7 

826 

20-0 

1167 

21 2 

698 

16 6 

960 

20 6 

1180 

21-1 


Above 360® the reaction between Sb^Sg and H is thus — 

SbjjSg T SHo^^Sbj] + SHjjS 

{BerthteTj Schmder^ JRoae) The relative importance of this reactioi i 
has been studied by Pelabon. 

Fluorine decomposes it m the cold, with the production of a blut‘ 
flame and fluoride of antimony (Moissan) 

Chlorme reacts upon the ciystaUised surface in the cold, if heat i-. 
applied, the tnchlonde and chloride of sulphur are formed {Robb). 

Bromine attacks it when heated {Jannash and R&mmxlefr) With 
iodine it gives rise to iodine sulphide and the tn-iodide {Bclmddi&r) 

Air and oxygen oxidise it easily to ShgOg when heated Buchiiei* 
says, however, that the very finely pulverised powder can be aoto* I 
upon by oxygen at ordinary temperatures 
With ozone it forms the sulphate (Mailfert) 
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Boihng water oxidises it slowly According to De Clermont and 
Frommel, hydrogen sulphide is evolved at 89° Oxidation is only 
accelerated in the presence of the vapour {RegTiavlt) Hydrogen 
peroxide, according to Thenard, gives nse to the sulphate. If water 
is m excess, antimonio acid is produced {Zamhelh and Luzzato), and 
m the presence of the alkalies antimonates are formed {Hampe^ 
Raschig), 

Hydrogen sulphide combines with it to form salts of sulphantimon- 
ites with the metals. 

Phosphorus hydride attao^ it, with the formation of hydrogen 
sulphide and antimony phosphoride {H. Rose), 

With chloride of phosphorus it forms chloride of antimony and 
sulphide of phosphorus, and also sulphophosphoride of antimony 
{Brwndvmont). 

Carbon monoxide reduces it only partially, while carbon reduces it 
completely to the metallic state 

The sulphide is desulphurised by potassium, sodium, copper, iron, 
and zinc. 

By heatmg the sulphide in a solution of ammonium chloride there 
is produced the chloiide together with ammonium sulphide, which 
passes off with the aqueous vapour (Ph, de Glermont) 

A boiling alkaline solution decomposes it mto the oxide, while 
sulphide of the alkalies is formed , by a secondary reaction antiniun- 
ites and sulphantimonites are formed. The same result can be 
obtained by fusion. 

Sulpho-salts and sulphantimonites are formed by the reaction 
between the sulphide and alkalme sulphide 

Carbonates of the alkahes act like the alkaline hydrate, they give 
nse to the formation of the oxide and sulphides of the alkalies, witli 
evolution of carbonic acid, secondary actions produce sulphantimon¬ 
ites, antimonites, and antimony sulphide. The solution of the sul¬ 
phide IB never complete, even when it is heated, and, according to 
Terrell, carbonate of potassium does not help it This has been 
demonstiated by Weppen and affirmed by Terreil When a solution 
of sodium carbonate, to which the sulphide has been added, is being 
cooled, there are formed the sulphide, neutral and acid antimonites 
of sodium, and antimonious acid, constituting what is called 
“ Kermes mineral ” 

A solution of sulphurous gas has no action upon it {Berthier) , but, 
according to Goverant, a small quantity of the sulphide is attacked, 
with the production of hydrogen sulphide and sulphur Dilute 
sulphunc acid has no action upon the sulphide crystals, but attacks 
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the amorphous sulphide slowly, perhaps giving rise to crystals of the 
sulphide. Strong sulphuric aoid changes it to the sulphate {Rose^ 
Wehskyy Hemgen). Fuming nitric acid attacks it, with the formation 
of aulphuno acid and antunonic acid, while ordinary nitric aoid 
attacks it to form the nitrate and the sulphate, with the separation of 
sulphur {Bv/nsen). 

Oiidisers, such as chlorate and nitrate of potassium, decompose it 
with explosion It is also decomposed by a mixture of ammonium 
chloride and ammonium nitrate. 

The sulphide is sensibly dissociated at about 600" {Ghiincha/at and 
OhrStien)y and is completely so m the eleotno furnace of Moissan 
(Mov/rlat) 

Thia>antimomous Acids or SulphantimoniouB Adds.—^These 
acids are not known in the free state In fact, they decompose 
immediately after their formation mto hydrogen sulphide and 
sulphide of antimony. The complex anions of the acids are only 
stable in the presence of a neutral solution or m that of hydroxyl ions 
The thio-antimomouB acids are m part dissociated into the neutral 
and S" ions. 

The important thio-antimonious acids or sulph-antimomous acids 
are — 

HgSbSji, oTtho-thioantunonious aoid, or normal BulphantimouiotiB acid 
=Sb5sS3 8H2S 

H4Sb^B) pyro-thioantunomoTiB acid, or pyro-Bulphantimonious aoid 
= Sb2S3. SHqS 

HSbSg, meta-thioant^imomoiis aoid, or meta'SulpbantimonioxiB aoid 
^SbgSg HgS. 

HaSbA=2SbaSa H^S 

The following are some of the important salts formed from the thio- 
antimomouB acids, according to Pouget and Stauok .— 


Obemioal 

Oompoflition. 

Colour 

Crystal Form. 

Solubihty. 

KgBbSg 

OolourloBB. 

Orystallinep 

Very easily soluble. 

K4Sb^B 


Octahedron. 

KSbSfl 

Bed. 

Priamatio. 

Not soluble in oold water. 

K^b44 

NavBbSaQHgO 

NaSbSg 

Na.,Sb 4 S 72 HaO 

(SH4)8SbS8 

Bed. 

Octahedron 

Easily soluble m water. 

Blaok 

Powder 

Not soluble in water. 

Red. 

Cryetalluie 

,, 

White 

Powder 

Soluble m water; not 



soluble in alcohol. 

NH4SbS22H20 

Yellow. 

Needles or 

Not soluble in water. 


leaves 
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Oheraioal 

OompositioiL 

Colour. 

Crystal Form.^ 

Solubility 

(NH4)2Sb4S, 

Bed. 

Microsoopio 




needles 


BasSbgSeSHaO 

Golden 

yellow 

Grayish 

Oiystalline 

... 

BaaSbaSsdHaO 

Baj,9b4S8lOHaO 

... 

•• 

green 



SrjSbsSglOHaO 

White! 

Crystalline 


SiaSbaSflISHaO 

CaaSbaSaUHaO 

Yellow 

Crystalline 


AggSbSo 

Brown. 


Not soluble in water 

KAg^bS, 

ZnjS^Sg 

Brown. 

Crystalline 


Orange 

Amorphous, 

1 \ 

KZnSbSg 

White 

Crystalline 

>1 

MnaSbaSg 

... 

Amorphous 

1} 

KMnSbS, 

Rose 

('ryatalline 

n 

PbaSbaSg 

KPbSbSg 

Brown 

Amoiphous. 

II 

Brown 

Orystallme. 

11 

FfigSbaSa 

NigSbjj^a 

... 

II 

VAmoi-phous 

OogSbaSg 



GiijSb^a 

CusSbSa 

Black. 

Reddieh 

brown. 

Yellow. 

Amorphous. 

Crystalline 

II 

11 

SOoaSbSg 

Ciystallme, 

II 


The native minerals corresponding to some of these salts or to 
some other of the salts of thio-antimomous acids, are — 


Ortho-thioantimonltes 


Meta-thioantunonites 


I 


Pyro-thioantimoniteB 


{ 


Boulangente, (SbS 3 )aPbj" 
Pyrargynta, (SbS 3 )Ag 3 
Boumonite, (SbSg)aPb 2 "Cu". 
Zmkenito, (SbSa)aPb". 
Miargyiite, (SbSa)Ag 
Wolfabergite, (SbSa)vCu". 
Berthierite, (SbSa) 2 Fe" 
PlumoBite, SbaSaPba. 
Panabaae, SbaS 5 (CnFd) 2 . 


Antimony Sulph-haloids.—When the tnsulphide is dissolved m 
a solution of chloride of antimony, the snlpbochloride is formed, 
but it has not been possible to isolate it {Schmeider). The brown mass 
18 orystallme and is strongly hygroscopic The important sulpho- 
ohlondes are — 


SbSCl, SbSCl + 7SbCla, Sb4SBOl2. ShSOlg, SbgSnOla, SbGla SbOl4. 

The Bulpbiodide, SbSI, is obtained by fusing the tnsulphide and 
the tn-iodide together SbgSglg may also be mentioned. SbSBi 
exemplifies the sulphobromides. 



28 


THE METALLUUGT OF ANTIMONY. 


Antimony Osysnlphide, SbgSgO or SbgOg 2Sb2S8 —This can be 
obtained by imperfectly roasting the sulphide. The substance thus 
obtained, on being melted in a orucible, gives upon ooolmg a 
vitreous mass called “ antimony glass ” 

Antimony, Tnselemde, SbgSeg —This is obtained by meltmg 
antimony and selemum together m proper proportion. It is gray, 
metallic, and crystalline The amorphous variety is in the form of 
a black powder, which is obtained by passing the selenium hydride 
gas ipto a solution of tartar emetic. At 146" the black powder 
cakes mto a gray mass {Chelmiann), at 606" this melts, and on 
coohng crystalliBes out (FUahori), When in the liquid state it can 
dissolve the sulphide; and when heated m air it changes to the 
trioxide, with the formation of selemum dioxide. 

The other less important compounds of antimony and selenium 
are Sb 2 S 8 Seo, sulphoselenide of antimony; 2 Se 02 Sb 20 gJH 20 , the basic 
selemte of antimony; and 4Se0oSb20g, the acid selemte of antimony 
{Ndson), 

Antimony Telluride, SbgTeg.—This is obtained by fusmg antimony 
and tellurium together in proper proportion. It melts at 695" and 
IB a solvent for metallic antimony 

Antimony Sulphate - -This is obtained by dissolving the metal oi 
the oxide m concentrated sulphuric acid On cooling, the sulphate 
crystalliaea out m long needles Its specific gravity = 3*6246 
and it is very hygroscopic {Schidiz-Sellacky Metzl) When watei 
IS added to it, the hydiate, Sb 2 (S 04 )g 2 JHgO, is formed Wher 
heated m air, it changes to the trioxide and the tetroxide, with the 
evolution of SOg 

The neutral Balt= (SOJgSbg {DeMe^'y Adie), 

The basic salt is obtamed by putting the neutral salt into a more 
or less dilute solution of sulphuric acid The most important basic 
salts are *— 

2308 rSbaOs 3HaO {Adie) ^ 

S08.2Sb203 ?^ 2 HaO {Adie^ Eeudgen, Dexter, Pihgot), 

SO3 SbaOs or S04(Sb0)a {Brandes, Dexter), 

6 S 0 s. 8 Sba 03 2H2O {Dexter), 

2308 ShgOj HaO {Adie, Dexter^ P&ligot), 

The important acid salts are — 

(304)gSb2 30g or SbaOg 4SOg {Sdiultz-Sellack, Adie). 
(SOijsSbaSSOg or SbgOg SSOg {Adie, Dexter) 

The complex salts of antimony sulphate, which may then b' 
regarded as the salt of the complex acid H [Sb( 80 ^) 2 ], can be ohtainec 
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by dissolving the alkali sulphates and the oxide in concentrated 
aulphuric acid. They are — 

Specific Density. 

NaCSKSOJa] 8 2J98 

KLSb.SOJa] 8 3396 

NH4[Sb(S04)a] 8 0948 

Antimony Nitrate —It is obtained by dissolving the oxide in 
cold fuming nitric acid On moderate heating it changes to the 
pentoxide, which is again converted into the teti oxide on furthei 
heating Finally the tnoxide is produced {P6hgot) 

Antimony in combination with nitiic acid and oxygen gives rise to 
two salts : 2 Sb 205 NgOg and 2 Sb 205 NgOg. 

Normal Antimony Acetate, Sb(02HQ02)8, is sHfehtly soluble m 
benzol, and is not soluble at aU m etheif etc 

Antimony with Phosphoms forms the following combinations — 

(a) SbP, antimony phosphide, is white and metallic, obtained from 
the reaction between phosphorus and hquefied antimony. 

(b) Phosphite of antimony. 

(c) Sulphophosphate, PS^Sb 

Antimony with Arsenic gives rise to the following — 

(а) Arsenides SbAs, SbgAs, and SbAsg 

(б) Arsenite 

Complex Salts of Sb'" with Organic Acids —Theie is a laige 
number of these salts The best known are the salts formed with 
tartaric acid and tartar emetic, 2G^B.^Oq SbOK.SHgO 

Some of the complex antimony oxalates are .— 


Composition 


Form 


HnO 


NaSb(( 

KSb(C 
NH4Sb(l 
KgSbCCAV^HaO 
Na3Sb(0204)s.6H20 
(NH4),Sb(0a04)a liHgO 
28HaO 

KioSba(Ca04)u 7HaO 


Large mouoclimo pnsms. 
Ciystallme needles 
Beautiful ])nsmatic crystals 
Star-grouped needles 
Small rhombic crystals. 
White needles, 

Monoclinic pnsms. 

IS I) 


B. The Compoii/nds of Antimony of 4 Vcdencea 

The numbei of these compounds is very small The important 
ones are — 

Antimony Tetroxide, SbgO^.—In nature it is known as antimon- 
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ochre, cervantite, and Btiblith It is obtained by heating the metal or 

the trioxide or the triBulphide for a long time m air. The same 
result IB obtained when mtrate of antimony is heated to red heat 
Pure antimony tetroxide is a white powder, which changes to 
yellow on being heated, and changes back to the ongmal colour when 
it becomes cold agam Its speoifio density =6 69 at moderate tem¬ 
peratures It cannot be melted and is not volatile. It is not soluble 
m acids, with the exception of concentrated hydroohlono acid It can 
be reduced by carbon, potassium cyanide, potassium, and sodium 
At the temperature of the melting of silver, the dissociation pres¬ 
sure of the oxygen is so great that the trioxide is formed 

When the tetroxide is heated with antimony the trioxide is 
formed. The tetroxide is reduced by sulphur, with the formation 
of SOg. 

Under certain oiroumstanoes the tetroxide behaves as if it were a 
mixture of the trioxide and the pentoxide 

Some of the important chemical reactions are ;— 

SbgO^ -t* 6S=3bgS0 + 2 SO 2 , 

Sba 04 + 2 Sb= 4 Sba 03 (fusion) 

GSbgO^ "i” SbgSg^ 10Sb2O3 4- 3 SOq. 

SbgO^ HgO, the hydrate, was first prepared by Berzelius 
Antimony Tetrasulphide, SbgS^ —This was obtained by Berzelius 
by paflsing hydrogen sulphide gas into a solution of the tetroxide 
Rose was able to obtam it from the decomposition of an aqueous 
solution of the fusion-product of the tnsulphide and bisulphate of 
potassium by tartaric acid It is a reddish-yeUow powder. 

Antimony Tetrahaloids.—The tetrachlonde and the tetrabromide 
are not known m the free state, but only in solution. 


0. T7ie Goirypcyamdz of Antvmony of 6 Valences. 

Antimony Pentafluoride, SbFg.—Berzelius first mdicated its exist¬ 
ence m the action between hydrofluono acid and antimonic acid 
It was obtained by Mangnao, Moisson, 0 Ruff, and W. Plats Accord¬ 
ing to Ruff and Plats, the pure pentafiuonde can be obtained by 
allowing the pentachloride to be acted upon by hydrofluono acid for 
three days at 25"-30‘’ 

Sb0lB+5HF=SbPB+5H01. 

It is a heavy hquid, having a consistency like that of oil, and 
Bohdifymg into a substance resembhng paraffin. Specific density at 
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22 7*« 2 993 , mol vol = 72 ; boiling-pomt = 149“-160". It is soluble 
m water, and in moist air it gives rise to SbF 52 H 20 . 

Some of the complex salts of meta-fluo-antimonio acid [H(SbFg)] 
are — 


Oomposition. 

Crystal Form 

Solnbility 

Remarks. 

KSbFg 

Thin rhombic 
plates. 

Easily soluble 

Unchanged in air 

KSbFg KF 2 H 2 O 
ifaSbFe 

Monooluuo 

>) It 

Melts at 90“. 

NH4SbFg 

NH4SbFfl NH4F iHaO 

Small needles 



Rhombio prisms. 

>> It 


OaSbgFg OH 

... 

»» It 

... 


Antimony Pentachloride, SbCl 5 —If powdered metallio antimony 
IB added to a chlorate, it bums, formmg SbCl^ It is colourless, 
and boils at 140“ under the ordinary atmospheric pressure. Its 
speoifio density at 20“ ~ 2 346 

We may mention the following derived compounds:— 

SbClg SCI 4 . SbClo SeOV SbClo. PCIb 

2 SbClfl SOI 4 . SbClg SeOCla. SbOla POOlg. 

SbOlfi ONOl 2 SbGV 6 NOOL 

With organic acids it forms the following compounds :— 

2Sb0lB. 8 OgHeNOa. SbClg. CeHaOj. 

ShCla (03H5)aO SbClg. Ojo^jqO^- 

A few of the chlor-antimonates are — 


KSbOlfl HgO. 
NH 4 SCIg HgO. 
Ca(SbClg)2 9HaO. 
MgSbCl.^ 9HaO 


FeSbCla-SHaO 
Ag(SbC]fl).2NH8. 
Ni(SbOl0)a 6NHs. 
Zn(Sb 01 e)a 4 NH 8 . 


Antimony Pentabromide, SbBr^ —This cannot be produced in a 
pure form. The foUowmg are some of its compounds :— 


KSbBrg HgO. 2C8SbBrg.CBBr8 2 H 2 O 

HiSbBr HgO. LiSbBrg 4HaO. 

Antimony Penta-iodide, Shglg—This is obtained by heating 
antimony at 130“ with an excess of lodme It is dark brown, and 
melts at 78“-79“ 

Antimony Pentoxide, Sb^O^ —When metallio antimony is treated 
with nitric acid, the pentoxide is formed In a dry way it can be 
obtained thus — 
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(a) Pulverised antimony with oxide of mercury. 

(b) Oxidisers, such os potassium permanganate, with the iiiferioi 
oxides or sulphides 

It oan also be obtained by treating the metal oi the pentasulphide 
with hydrogen pei oxide or peroxide of sodium It is a yellowish 
powder, which changes to black when heated Its specific density = 
6 6. It does not melt and has no taste 

It dissociates into oxygen and the tetroxide at 300". It is not 
soluble m water, but soluble m hydrochloric acid Sulphui reduces it 

SbaOj + 113 =286288 + 6302=286288 + 680 (Rammelsberg) 

Carbon 1 educes it partially Iodic acid decomposes it m part, 
liberatmg iodine (BvMsen), With a current of hydiogon sulphide 
it forms Sb^SgO Sulphide of caibon 1 educes it {Midler) We 
have also:— 

\ 

Sbp, + PClj=2SbCl, + PsO, (.i^diaem 
ea^Clj + 2Sb,0, = 4SbCaj + 6S0j+ 7 a (Pnnz). 

The IlydrateB or Actde derived from the Pentoxide —Berzelius was 
able to obtain SbOgH by treating the product of reaction between 
antimony and dilute nitnc acid with water Fremy, by boiling 
antimonate of potash with nitric acid, obtained ShgOgH^. Geuther 
obtained SbO^Hg from ShgO^Hg, and HSbOg from SbO^Hg heated 
to 176". 

Senderens* conclusion is as follows —The hydrates of the pent- 
oxide oan be obtained by precipitating the red liquid obtamed from 
the action of nitric acid upon the trichloiide with water. 

(a) SbgOgTiHgO, soluble m water 

(b) SbgOg.SHgO,^ obtamed fiom {a) by being dried in the open 
air. 

(c) Sb 205 obtained from (6) by desiccation in the presence of 

sulphunc acid "" 

(d) SbgOj HgO, obtained by heating (c) to 200" 

{e) SbgOg HgO, obtamed from SbgOg SHgO, heated to 300". At 400", 
SbgOj HgO loses its water component and becomes SbgOg, which finally 
breaks down to SbgO^ at a still higher temperature 

Delacroix was able to obtain Sb 205 . 4 Hp. At any rate the most 
important of these are •— 

H 8 S 604 = Ortho-antimonio acid 
H4S607=Pyro- „ „ 

HSbOg =Meta- ,, „ 



THE OHEMISTRy OF ANTIMONY. 


33 


Some of the impoitant salts of these acids are — 


(Sb08K)26HaO. 

Sba07K4 

Sl)207S2^s 6E[(]0 

SbOgNa. 

Sb 907 Na 4 


SbOsLi. 

Sba07(NH4)Ho 6H2O. 
(NH4)Sb08 6HaO. 
(Sb08)aBa. 

(Sb 03 )aMg 


Besides these there are the aiitimonates of strontium, calcium, 
alummmm, manganese, iron, nickel, cobalt, and tm. 

Antimony Pentasulphide, SbgS.^ —It is obtained by decomposing 
the sulpho-salts with acids It is called soufre dorS c^antzTnome m 
French, and Goldschwefel in German. It is generally obtained m a 
pure condition from Schlippe's salt — 


SNagSbS^+ 3H2a04=8Na2S04+ SbaSa + SHaS. 
or 2 Na 3 Sba 4 + 6HC1=6Na01 + 

According to Berfcsch and Harmseil we have :— 


6KagSbS4+8Sb0lB=4Sb2SB + 16Na01. 

10NaaSbS4 + 80HC31 + 3Sb20B=SSbaSc + SONaOl + iSHgO. 

According to L. Prunier, the process is —Fuse the trisulphide and 
sulphur together The product of fusion is boiled with a solution of 
monosulphide of sodium After filtration, the liquid is concentrated 
for crystallisation. This salt is redissolved in a solution with excess 
of acid. The pentasulphide is then precipitated 

The pentasulphide is easily dissociated. it loses its sulphur 
component partially at 120", and changes to the trisulphide if the 
temperature is raised higher Hydrogen reduces it (Hoffter), When 
heated m air, it oxidises with a flame It alters in humid air {Otto 
and Jahn) Alkaline solutions change it to a mixture of sulph- 
antimonate and antimonate. 

The most important salts of sulph-antimonic acid (HgSbS^) aie:— 

SbS4Ba3 0HaO. SbS4NBy-|-9H20. 

(abS4).,cd8 (SbS4har3. 

(SbS4)208i3 (SbS4)2Zn8. 

SbS4H8 "f* 432^ 

With other elemenU we have — 

SbQSeB, antimony pentaselenide 
Antimony arsenate 
,, phosphate 


3 
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THE MINBRALOaT OP ANTIMONY. 

Native Antimony. 

Compontion —Sb. 

Properties —Rhombohedral Usually massive, with a very distinct 
lamellar structure, sometimes granular Colour and streak tm-white 
Bnttle H = 3-3 6. G = 6 6-6 76 

Oc(yim*ence, —Antimony has been found native m ferruginous mineral 
water {Will), m coal, and m the sands of nvers {GampheU) The 
impurities found associated with it are generally silver, iron, and 
arsenic. It occurs m vems of silver and other ores m Dauphiny, 
Bohemia, Sweden, the Harz, Mexico, and New Brunswick 

Allemontite. 

Composition —SbAsg, 

Properties —Rhombohedral. Remform masses and amorphous, 
structure curved lamellar, sometimes granulai H. = 36 G=613- 

6 203. Lustre metallic, sometimes dull. Colour tm-white or reddish 
gray, sometimes tarnished to brownish black. It emits fumes of As 
and Sb before the blowpipe 

Ocowrrence —It occurs at Allemont, Phbram m Bohemia, Sohlad- 
ming in Styria, and Andreasberg in the Harz. 

Anmnolite, 

Composition —Rivot’s analysis of similar nuneral from Chili gave 


Antimony 

86 6 

per cent. 

Mercuiy 

. 22 2 

}> 

Tellunde 

14 8 

}i 

Copper 

12-2 

)> 

Quartz 

2 5 

]) 


Properties. —Earthy powder Colour deep red 

Occurrence —Filling cavities in the quartzose or argiUo-fennigmous 
gangue of mercurial tetrahednte 


86 



36 


TUB MBTALLURGY OF ANTIMONY 


Arequipite 

Composition. —Silico-antimonate of lead 

Froperties —Compact, wax-like. Fracture conchoidal H. = nearly 
6. Colour honey yellow Fuses with difficulty before blowpipe on 
charcoal, resulting m antunonial vapours and buttons of lead 

Occfim*mce .—In quartzose gangue with argentiferous lead carbonate 
and ohryaoooUa at the Victoria mine, Tibayo, Peru, 

ArBenstibmte. 

It IS an arsenical hydmte of antimony, 

Atopite. 

Composition —Perhaps a calcium pyro-antimonate, CogShgO^ or 
2CaO SbjOg Iron, manganese, and the alkali metals are also 
present. 

Properties. —Isometric, m octahedrons. Under reducing flame 
on charcoal, sublimes m part and leaves a dark infusible slag. 

Occfurrmce. —^At LSngbon, m Wermland, Sweden, 

Barcenite. 

GomposiUon. —Santos gave the following analysis:— 


Antimony 

. SO'll per oent. 

Sulphur 

2 82 „ 

Mercury 

. 20 76 „ 

Oalcimn 

8'88 „ 

Oxygen 

17 61 „ 

Water 

4-78 „ 


Hence it is an antimonate of mercury. 

Properties —Massive, structure finely granular. Bnttle. H. = 5’5. 

G. = 5*343. Lustre dull. Colour dark gray. Streak ash-gray with 
slight greenish tint 

Ocmrreme. —Hmtzuoo, state of Guerrero, Mexico, 

Berthierite. 

Composition —Probably FeSbgS^ or FeS SbjSg. 

Properties. —In elongated prisms, also fibrous, massive and granular. 

H. = 2-3 G. = 4-4*3 Lustre metallic Colour dark steel-gray 
Before blowpipe on charcoal gives off sulphurous and antimonial 
fumes, leaving behind a black magnetic slag. 
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Occurrence, — Associated with quartz, oalcitOj and pynte m 
Auvergne, in the Vosges, at Anglar and La Creuse. 

Bindheimite. 

Gorrvpontion, —Hydrated antimonate of lead, Pb 3 Sb 20 g + 4 H 3 O or 
2PbO SbgOe.SHgO or PbO SbgO^.HgO 
Propefii'tiea, —Amorphous, remform or spheroidal. H =4. G. = 
4'60-4 76 Lustre resinous, dull or earthy Colour white, gray, 
brownish, yellowish Streak white to grayish or yellowish 

Occurrence, —A product of the decomposition of other antimonial 
ores. At Nerchinsk, Siberia; Horhausen, m Cornwall, m Sevier 
Go, Arkansas. 


Boulangerite 

Composition —PbgSbgSg or 3PbS SbgSg 

Properties ,—In plumose masses, showing on the fracture a crystal¬ 
line structure, also granular and compact H. = 2 6—3 G =5 76-6 0. 
Lustre metallic Colour bluish lead-gray. Behaves before the blow¬ 
pipe like zinkenite. 

Occurreruce —Abundant at Moli^res, Prance; in Lapland, at Ner¬ 
chinsk ; Ober-Lahr in Sayn-Altenkirchen, Silbersand, near Mayence, 
111 the Eifel, Wolfsberg in the Haiz, Phbram in Bohemia, and near 
Bottmo m Tuscany 

Boumonite. 

Co7npositicm,^C^h Cu 2 ) 8 SbaSe or (Pb Cu 3 )S.Sb 2 S 0 = PbCuSbSe (if 
Pb:Cu 2 = 2 *l). 

Properties —Orthorhombic Twins, often repeated, formmg cruci- 
Ebrm and wheel-shaped crystals. Crystals short prismatic to tabular, 
often m paiallel juxtaposition; prismatic faces often vertically 
striated Also massive, granular, compact. Rather brittle. H.»= 
2 6—3. G « 5 7-5 9. Lustre metalho Colour and streak steel-gray. 

Opaque 

Oceu/rrence, —At Neudorf, Wolfsberg, Clausthal, and Andreasberg, 
in the Harz ; at Phbram m Bohemia, at Kapnik, Hungary; at Servoz 
m Piedmont, and in Cornwall 

Breithauptlte 

Compoeition,'-’"-^'^^^ , arsenic is sometimes present 

Propet ties, —Hexagonal, crystals thin, tabular. Arborescent and 
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disseminated, massive. Brittle. H. = 5 6. G. = 7 641 Lustre metal- 
ho. Coloux bright copper-red Streak reddish brown Opaque 
Occfu/rrmce ^—In the Harz. 


Cervantite. 

Composition, —SbjjO^ or SbgOg SbgOg. 

Properties —Orthorhombic. In aoicular crystals. Also massive 
H. = 4-6. G =4*084. Lustre greasy or pearly, bright or earthy. 
Colour yellow or nearly white. Streak yellowish white to white 
Before blowpipe, infusible and unaltered. 

^ OccimreTice ,—A product of alteration of other antimonial ores. At 
Cervantes in Galicia, Spam; Chazelles m Auvergne, FelsobAnya, 
Kremmtz in Hungary, Pereta m Tusoany, also in Cornwall, Borneo, 
Mexico, Quebec, and California 

Ghalcostibite. 

Composition, — OuSbSg or CugS.SbgSg. 

Properties, — Orthorhombic H. = 3-4 G = 4 76-5*0 Lusti u 
metallio. Colour between lead-gray and iron-graj 


Ohanarcillite. 


Named from ChaharoiUo. A silver^white ore for which Domeyko 

gives the formula Ag 2 (AB, Sb)g. 

- 

Corongnite. 

Composition, —An antimonate of lead 

and silver An analysis 

gives:— 

SbaOj .... 

68*97 per cent 

PbO . . . . 

21 48 

AgaO 

7 82 „ 

FegOs . 

0*62 „ 

HaO 

11 21 


Properties —Amorphous H. = 2 5-3. G. = 5*06 Colour, exterior 
grayish yellow, interior blackish 

Occwrrmoe, —^At the mmes of Mogollon, Huancavelica, etc., Peru 


Byscrasite. 

Composition, —A silver autimonide including Agj^Sb and Ag^Sb 
Properties —Orthorhombic Twins producing stellate forme H 

= 3 5-4. G. = 9 44-9 86 Lustre metallic. Colour and streak silver- 
white. Opaque. 
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Occwtrence ,—In the Wenzelgang, Baden, at Wittichen m Suabia 
and at Andreasberg m the Harz, associated with ores of silver, 
native arserdo, galena^ etc , at Allemont, France j Casalla, Spam; and 
m Bolivia, South America. 

Dilrfeldtite. 

Cov^osition —Analysis gives — 

S . . 24*15 per oent. 


Sb 

80 62 

Pb 

. 26 81 

Ag 

7 84 

Cu , 

. 186 

Pe 

. 2 24 

Mn 

. 8 08 


Properties —^In masses of fibrous structure, and also m fine needles 
H. = 2’5. G = 6 4. Colour light gray. Lustre metallio. 

Occyarence, —Anquimaroa, Peru, 

Eamatinite. 

Composition —CugSbS^ or CugS SbgSg 

Properties. —Orthorhombic Also massive Bather brittle. H. = 
3*6. G. = 4*67. Colour gray with a tmge of copper-red Streak 
black. Opaque. 

Occurrence. —^With enargite, ohalcopynte, pyrite, etc., m the Siei^ra 
de Famatina, Argentme Kepublic, also at Cerro de Pasco, Peru, 

Ereieslebenite. 

Gon^poduon.—i^h, or 6(Pb, Agj)S or Pb^Sb^Su 

Properi/iet .—Monoobnio Habit pnamatio, pnamatio planes verti¬ 
cally striated Bather brittle H=2-2 6 G. = 6 2-6 4 Lustre 
metallio Colour and streak light steel-gray. Fuses easily before 
blowpipe. 

Ocowrrence. —At Freiberg, Saxony; at Kapnik, Hungary, at 
Felsob^nya, Hungary; and at Hiendelencma, Spam 

Gruejarite. 

Compontion —CugSb^S^ or CugS 2Sb2S8 

Properties —Orthorhombic In prismatic crystals. Gives off 
antimony fumes before blowpipe, yields metallic copper when treated 
with soda. 

Occurrence —At the copper mmes at foot of Muley-Hacen, Andalusia 
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JameBOidte. 

Composition, —^PbjSbgS^ or SPbS.SbgSg. 

Prop&Hies —Orthorhombio Usually m aciciilar crystals; but 
common in capillary, oobweb-bke forms Brittle. H = 2-3. G = 
6 6-6 0. Lustre metaDio. Colopr steel-gray to dark lead-gray 
Opaque. 

Occu/rrence. —Prmcipally in Oomwall, associated with quartz and 
crystals of boumomte; also m Siberia, in Hungary; at Valencia 
d’Alo^intara m Spain; Sevier Co., Arkansas, at the Montezuma 
mine, Nevada. 

' ^ Kermesite. 

Gompodtion ,—Antimony oxysulphide, Sb^SgO or 2Sb2S3 Sb^Og 

Properties, —Usually m tufts of capillary crystals, prismatic, 
orthodiagonal. H. = 1-1 6. G = 4*6-4 6. Lustre adamantine 
Colour cherry-red. Streak brownish red. Feebly translucent. 

OcGvrrenoe —Results from the alteration of stibnite At Molaczka, 

near Posing, m Hungary, at Braunsdorf, near Freiberg. 

ZobelUta 

Composition —Pb 2 (Bi.Sb)SQ or 2PbS.(Bi Sb) 2 SQ (if Bi • Sb — 2 1). 

PropfiTitfis.—Massive, sometimes fibrous and radiated like stibmte; 
also finely granular. Before the blowpipe, on charcoal, a yellow 
coating of BigOg near the assay, and, beyond, white SbgOg. 

. Occurrence. —In the cobalt mine of Hvena in Sweden 

Livingstonite. 

Composition —HgSb^S^ or HgS ^SbgSg. 

Properties. —In groups of slender prismatic crystals; also columnar, 
massive, resembling stibmte, H. = 2*0. G. == 4*81. Lustre metallic 
Colour bright lead-gray Streak red. 

Occvrrence —Huitzuco, Mexico. 

Meneghinite. 

Composition. —Pb^SbgSy or 4PbS.Sb2S8. 

Properties. —Orthorhombic; crystals slender prismatic, vertically 
striated Also massive. H. = 2’6. G. = 6 34-6 43. Lustre metallic, 
bright. Colour blackish lead-gray. Streak block and shining 

Occurrmce. —At Bottino in Tuscany, Oohsenkoff, Saxony, and at 
Goldkronaohr 
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Miargyrite. 

GompositioTi, —AgSbSj or AggS. SbgSg. 

Froperties, —Monoolimo; crystals normally thick tabular. Brittle. 
H. = 2*26 G. = 6’l-6'3. Lustre metalho-adamantme Colour 
iron-black to steel-gray, but thin splinters are deep blood-red 

Occv/rrence. —Braunsdorf, Saxony; Phbram m Bohemia, and 
Chiusthal. 

Monimolite. 

Gompodtion, —An antimonate of lead, iron, and sometimes calcium, 
in part, RgShgOg, with E = Pb,Fe = 3 1. 

Properties. —Usually octahedral, also cubic. Also massive and 
incrustmg H. = 6*6. G = 6*58. Lustre greasy to submetaUic. 
Colour yellowish or brownish green, dark brown to blaok. Streak 
straw-yellow, oinnamon-brown. Translucent to nearly opaque. 

Occv/rrence. —Harstig mme, Wermland, Sweden. 

Nadonte. 

Gomposition —PbOlSbOg or PbSb 204 PbOlg. 

Froperties. —Orthorhombic. H. = 3 6-4. G = 7*02. Lustre 
resinous to adamantine Colour smoky brown to brownish yellow 
Streak yellow. 

Occurrence. —Constantme, Algiers. 

Plagionite. 

Gomposition —Perhaps 6PbS 4Sb2Sg 

Properties. —Monoclmic. Crystals thick tabular. H=2 5, 

G = 6*4. Lustre metallic. 

Occv/rrence —At Wolfsberg, Amsberg 

Plumbostaimite. 

Gomposition. —Sulphantimonate of lead, tin, and iron. 

Froperties. —Amorphous, granular H. = 2. Feel greasy, like 
graphite. 

Occv/rrence. —Peru. 

Polybasite. 

Gomposition. —AggSbSg or QAggS.SbgSg. 

Froperties. —Orthorhombic. H = 2-3. G = 6 0-6 2. Lustre 

metallic. Colour iron-black Streak black . 

Qccv/rrence —Mexico, Chih; Pfibvam. 
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Pyrargyrite. 

Composition —AggSbSg or SAggS SbgSg. 

Properties —Rhombobedral. H. <=2 6. G =6 77-6*86. Lustre 
metallic-adamantine. Colour black to grayish black, by transmitted 
light deep-red Streak purplish red. 

Occmrmce. — At Andreasberg m the Harz, Freiberg, Saxony, 
Bohemia j and Kremmtz, Hungary 

Eavotite. 

Composition, —SbgOg, Ag^O, CuO, GaO, COg. 

Properties, —Amorphous, compact. H, = 3*6-4. G. = 3*66-3 62 
Colour yellowish green to grayish green Streak grayish green. 

Occu/rrence ,—Sierra del Cadi. 

Eomeite. 

Composition, —^Antimonite of calcium, perhaps CaSbgO^. 

Properties —Tetragonal H = above 6 6. G. = 4*713, Colour 

honey-yellow. 

Ooomrmee, —Piedmont. 

Sarawakite. 

Ccmpontion, —May be antimony chloride 

Properties, —Minute crystals, probably tetragonal Soft Lustre 
adamantine Oolomless or greenish yellow. Transparent. 

Oceut/rrence ,—Found in native antimony in Borneo. 

Schneebergite 

CompQSfhtwn ,—Calcium and antimony with a little iron and traces 
of copper, bismuth, zinc, magnesia, and sulphunc acid 

Properties —Isometric. H =6*6 G. = 4 1 Lustre vitreous to 
adamantine. Colour honey-yellow 

Ocmrrence ,—^At Schneeberg 

Senarmontite 

Composition, —SbgOg. 0 = 167, Sb = 83*3. 

Properties, —Isometric, in octahedrons. Also granular; in crusts 
H. = 2-2 6. G. = 6 22-6 30 Lustre resinous, molming to sub 
adamantine Transparent to translucent Colourless or grayish 
Streak white. 
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Occwrrence —A result of the decsomposition of stibnite and other 
ores of antimony. Algeria ^ Malaozka, Hungary; Quebec. 

Stephamte. 

Composition — ^AggSbS^ or SAggS Sb^Sg ‘ i 

Properties. —Orthorhombic; crystals nsnally short prismatic 
Massive. H. = 2-2‘5. G. «= 6*2-6 3 Lustre metallic Colour and 
streak iron-black, 

OGowrrence. —Freiberg, Bohemia, Hungary, Harz. 

Stibnite. 

Composition. —SbgSg ; S = 28‘6, Sb = 71*4. Sometimes auriferous, 
also argentiferous. 

Properties. —Orthorhombic; crystals prismatic, often acutely ter¬ 
minated , vertical planes striated or deeply furrowed longitudinally ^ 
crystals often curved, bent in knee-shaped forms or twisted. Com¬ 
monly occurs in confused aggregates of aoioular crystals, also in 
radiating groups, massive, coarse or fine, columnar. H = 2. G. = 
4*62-4'62. Lustre metallic, highly splendent. Colour and streak 
lead-gray. 

Occurrence, —See chapters on Geology. 

Tanzite 

Composition. —Arsenio-antimonate of bismuth, analogous to bind- 
beimite 

Properties —Amorphous, earthy. Colour yellow. 

Tetrahediite. 

Composition. —CugSb^S^ or ACugS Sb^Sg 

Properties. —Isometric. H = 3-4*6 G. = 4 4-5 1 Lustre metallic 
Colour steel-gray to dark gray 

Occmrence. —Cormsh mines , Harz 

Tnimannite 

Composition. —Sulphantimomde of nickel, NiSbS or NiSg.NiSbg 

Properties —Isometiic. H = 6-5 6 G =6 2-6 7. Lustre metallic. 
Colour steel-gray Streak grayish black. 

Occwrrence. —Duchy of Nassau, etc 
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Valentiidte 

Gom.podUon,^^\0^; 0=16'7, Sb = 83*3. 

Properties ,—Orthorhombio ^ crystals often aggregated m fan-shaped 
or stellar groups j also massive H. = 2*6-3. G. = 6*666. Lustre ada- 
mantme Colour snow-white, occasionally peach-blossom red and ash- 
gray to brownish. Streak white Translucent to subtransparent. 

Occmrmce, —Results from decomposition of antimony ores. Vide 
chapter on Geology, 

Zinkeuite. 

Composition, —PbSbgS^ or PbS SbgSg. 

ProperUes, —Orthorhombic. H. = 3-3*6. 'G. = 6 3-6 36. Lustre 

metallic. Colour and streak steel-gray. 

Other less important antvmony mmercds are •— 

Brongniflrdite, PbaSn or PbS. AggS.SbaSg. 

Diapbonte, {Pb,Ag2)59b4Sii oi 6(Pb,Ag2)S.2SbaS,. 

Epiboulangente, PbjSbjjSg or 3 PbS SbjSg. 

Geokromte, PboSbaSg or SPbS.SbaSg. 

Hematostibmte, 8 MnO.SbgOs. 

Horsfordite, OugSb. 

KilbnokemtejPbflSbaSfl or CPbS.SbflSg. 

Manganostibnite, lOMaO.SbaOg 
Ochioite, Pb4Sb207, 2PbCl3. 

Partzite, hydrated oxide of Sb, mixed with various metallic oxides 
Polyargynte. Ag^SbaSio or 12Ag2S SbaSg. 

Pyrostilpnite, AgaSbSg or SAg^S SbaSg 
Semseyite, Pb^SbaSig or 7PbS SSbaSg 
Stemmanmte, antimouiAL galena. 

Stetefeldtite, oontains Sb205, S, Ag, Ou, FeO, OuO, H^O. 

Stromeyente, (Ag,Oua)S or AggS CugS 
Stylotypite, 8(Ou^Ag5,re)S Sb2Sg 
Tennautite, CugAsoS^ or 40U{)S Asg^g. 

Yolgente, hydrous antimomo aoid 
Warreuite, PbaSb4S9 or 3PbS.2SbaSa 
Wolfachite, Ni(AB,Sb)S. 
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CHAPT-ER TV 

THE GEOLOaiCAL OCOUERENOE OP ANTIMONY ORES. 

Thb principal ores of antimony that have any commercial value are — 

1 AnUmony glamce, Sb^Sg, also known by the names ''gray 
antimony ore,” “ stibnite,” or “ ontimonite ” It contains 71 4 per 
cent of antimony and 28*6 per cent of sulphur. 

2 Native cutiUmony, It occurs too rarely to be of any commercial 
importance. 

3 YcLLentvti^te^ SbgOg; the rhombic form of the oxide of antimony, 
which is also known as “white antimony” or “antimony bloom” 

<^Tt contains 83 4 per cent of antimony, and 16 6 of oxygen 

4. Sena/rmontite^ ^b20g ^ the cubic form of the oxide of antimony 

6. Kermedie, SSbgSg SbgOg, also known as “ antimony oxysul- 
phide,” “red antimony ore,” “antimony blende,” or “pyrostilbite.” 

6. Gervantite^ SbgO^; also known as “antimony ochie ” 

When antimony ores, specially antimonite, undergo decomposi¬ 
tion, the resulting alteration-products generally are valentinite, 
senarmontite, kermesite, and cervantite. According to Poullon, 
there is a case at Rozsdan in Macedonia where the southern part of 
the vein cariies antimony ore, while its northern part carries aun- 
pigment and some realgar The antimonite has been oxidised to 
antimony ochre, valentinite, and red antimony ore, all accompanied 
by gypsum and sulphur 

The principal types of antimony deposits are •—* 

1. FeiTW -The ore is generally found disseminated irregularly 
in veins of quartz, sometimes, though rarely, it oociirs m lenticular 
mosses. The other gangiie matenals, besides quartz, are brown spar, 
calc-spar, and heavy spar. The products of decomposition of stibmte 
are stiblite, antimony-ochre, valentmite, and senarmontite; more 
rarely, also pyrostibnite, pyrite, bournonite, berthiente, galena, zinc- 

* ** Stibmte was one of the minerals formerly cited as having been originated m 
veins by volatilisa'ion. from lowei sources. Bnt it has probably, in ull caaes, been 
derived fiom solutloiiB of alkalme sulphides ” {Kemp) 
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blende, steinmannite, zinkenite, and cmuabai-oohre, rarely native 
gold Antimony salts of other motallio sulphides may also be found 
Antimony sulphide occurs in laminar crystals or in granular foims, 
often massive, generally intermmgled with quartz, thus formmg a 
compact mass occupying the whole vein Stibnite-quartz ore might 
be considered as an extieme development of silver or lead ore 

In 1861 S^narmont, in order to explam the formation of stibnite m 
veins, made an experiment to obtain it by heating in a closed vase a 
mixture of antimony and sulphur in the presence of pure water up 
to 300", or in the presence of bicarbonate of soda at 260". The con¬ 
tact rooks are occasionally similar to those of veins containing lead 
ore, rooks having white mica and green minerals Hereafter this 
type IS denoted by A. 

{a) Sub-Type AntvmoniaZ Gold-QvAirtz Veins Tlie stibmte is 
itself gold-bearing, and accompanies other free gold-bearing gangiies 
Hereafter this sub-type is denoted by B 

' 2. Beds of epi-minei*als, ^ e impregnated non-calcareous rocks In 

this case the antimony ore is impiegnated m the rocks Hereaftei 
this is denoted by C 

3 Epigenetic Stocha The type is a metnsomatic antunonial * 
deposit. Hereafter this type is denoted by D. 

4. Bedded Deposits of antimony ore The deposits are of sediment¬ 
ary origin. Some of the so-called bedded deposits may be due to the 
impregnation of the country, i e. of the neighbouring rocks Here¬ 
after this IB denoted by E 

In the following we shall take up the antimomal deposits of each 
country m turn 

Germany 

Ores of antimony sometimes occur m the Devonian rocks of 
Rhenish Prussia between Wintrop and Mentrop, four miles from 
Amsberg, where are found bands of bituminous limestone from 
6 inches to 18 inches m thickness, mterstratified between clay 
slates and siliceous shales, Stibnite penetrates all these strata, 
which are ovcilam by Millstone Gnt It is also noticed that the 
stibnite accumulates more plentifully towards the middle part of 
the various bods, but gradually thins out near the bedding planes of 
deposition Sometimes fragments of the “ country ” are included in 
the more massive portions, (D ) 

At the Hoffnung mine, near Bruck, on the Ahr, the Devonian 
graywacke slates have a N -S strike, with a dip of 46" towards tho 
west, cut through by N.-E veins, dipping from 40" to 60° S. The 
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stibnito, Bometunes aasooiated with iron pyrites and brown spar, is 
found in true veins, or between the planes of stratification, or m 
cleavage fissures. This is a good example of the latei'al immigration 
of antimony ore from fissures into and along beds of shaly rooks (C.)* 
At Bohmsdorf and Wolfsgalgen, near Schleiz, stibnite is found in 
quartz veins traversing paleeozoio schists The subsidiary mmerals 
are zmo-blende, plumose stibnite, pyrophylhte, and iron spar. (A ) 
At Mobondorf, antimony ore occurs m vems, outtmg the gneiss 
formation, with fillings of stibnite and some berthiente, boumonite, 
striated kaolin, stemmannite, zmcite, kermesite, stibioonite, pynte, 
quartz, and brown spar. At Braunsdorf, a few kilometres off, the 
same ore is found intimately associated with rich silver ores. In the 
vicinity of Freiberg, the quartz-stibmte vem is simply the oontmua- 
tiou of a true quartz formation For this reason Freiesleben called 
it the “Mobendoif Formation” (A) 


Biimma/ry, 


Mohendorf 

Hayniclien (Niodersteigis) 

Enneradorf 

Seiferdorf 

Roohlitz 

Sohoneck 

Brandholz 

Wolfsberg 

Qoesdorf 

Arnsberg 


Orjstallme Sohist 


Silunan 

Lower Devoniau. 
Oalm. 


Hungary 

At Magurka, according to von Cotta, the gmnite is traversed by 
many quartz veins, vaiying from a few centimetres to 4 m. m thickness 
They carry stibnite and free gold, enclosing sometimes some of the 
country The accessory minerals found in these veins are galena, 
zmo-blende, pynte, copper pynte, brown spar, and calc-spar. 
Ordinarily the quartz occurs along the walls of the vems, while 
the stibnite occupies the central part (B ) 

At Piioov, near Selcan, stibnite is found, accordmg to A. Hoffmann, 
in veins of homstone, generally aocompamed by kersantite dykes, 
outtmg through the granite At a depth of 18 m, (69 ft) the 
stibnite is decomposed to stibiconite. (A.) 

Some of the veins carrying antimony ores m the Kechnitz 

* By Bonie authors thia is classified under E 
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Mountains liave been followed for a distance of 3 km. (2 miles), 
outtmg crystalline sckista. According to A. Schmidt, the veins are 
especially noh when the country is a chloritio or graphitic schist 
The prmcipal vein-fillings are quartz, calo-spar, stibmte, stibicomte, 
and pynte. The country, that is, the graphitic schists, is some¬ 
times BO impregnated with stibnite, that it may be profitably 
worked for a distance of 3 to 4 metres away from the walls of the 
vems. (A and 0,) 

Between Arany Idka and Koaenau, in Upper Hungary, stibmte veins 
are foimd, contaimng quartz and carbonates, together with small 
amounts of jamesomte, berthiente, blende, and auriferous pynte. (A ) 

At Felsob^ya, along the boundary of an amphibole trachyte and 
of a recent one, there is found a conglomerate which contams quartz 
with pynte, often realgar and stibmte, with galena, blende, etc. This 
IS classified by De Launay under Tertiary antimqny, that is, its origin 
is sedimentary. (E ) 

Antimony ores are also found at Kremnitz, TopHtzka, Sohemmtz, 
Felsobdnya, Nagyb^nya, Dobsohau, Gisno, Grosa-Gollnitz. 


Bohemia. 

A typical example of antimonial gold-quartz veins, as described 
by Posepny, is foimd at Kr^ndhora (or Schonberg) and Milesov (or 
Milleschau) in Central Bohemia. Most of the veins are accompanied 
by dykes—mostly lamprophyre dykes, but some are of porphyry 
—outtmg through an intrusive stock of granite mteroalated between 
schists. The stibmte often constitutes the larger part of the fiUmg, 
with a gold content of 100-133 g ($66-$87 88) per ton (B ) 

Antimony ore is also found at Hata, Brodkowic, Pfibram, and 
Miohaelsberg. 

Shrvia * 

The Antimony D^osita of Koataimh ,—The main mass of the rocks 
m this locality consists of bght-gray to ash-gray limestones, probably 
of Tnassio age, upon which gray and blockish soft clay slates, and in 
part also clastic graywacke slates, rest. These limestones and slates 
are out through at many looahties bybiotite trachytes, and less often 
by hornblende andesites of trachytio habit. These eruptive rocks 
appear as dykes, sheets, and stocks within the strata, and also 

* From *‘Lehre von den Erzlagerstatten,’* von Betk Berlin, Gebnidor Bom- 
traeger, 1903, translated by Weed, “The Nature of Ore Deposits,” N.Y, Eng 
amd Mvn,, Jowrn , 1906. 
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perhaps from effusive lava flows. The origin of the antimony deposits 
IS traceable to the igneous rooks 

The ores appear in three different forms.— 

(1) Tufts and stnngers of stibnite, quartsj, and calcite in decomposed 
trachyte, as found m the mines of Kik and Stolitza. (C.) 

(2) Antimony vems m the slates At “Roving there occurs a com¬ 
pound vem, dippmg at 30** Transverse stringers oontammg stibnite 
are enclosed between two parallel bounding fissures, of which the 
foot-wall IS always the richest, while the hanging wall is mostly 
barren. (A.) 

(3) Interbedded ore masses. The deposits of this kind consist 
mainly of a dark, very finely orystalhne ground-mass of quartz, 
mtimately mteigrown with tufts of stibnite They lie between an 





Fio. 1.—Bed-like deposit of antunony ore near Kostainik. 

A, Olay slate 0, Clay, 

B, Quartz layer with antunony D, Limestone 

ore. E, Trachyte 

overlying slate and an underlying limestone, and are always aocom 
pamed by a trachyte mtrusion near by, which sends out narrov 
apophyses, forming sometimes the walls of the deposits, or outtm^ 
through them in a parallel direction or at an acute aaigle. This i 
shown in fig 1. (D.) The stibnite has mostly been superficial!; 

altered mto antimony-oohre, stiblite, or valentimte, and m many case 
it has been entirely leached out, leaving a skeleton of gray quai’t 
behind. At times the quartzose ore has been crushed and recemente* 
together by quartz or oalcnapar 

At other places—as, for instance, m the Zavorie III mine (fig. 2)- 
the ore-bearmg quartz mass outs mto the underl 3 ang limestones witl 
very irregular borders, thus suggesting the idea that considerabl 
portions of calcium carbonate have been leached out and replaced b 
the quartzose ore. (D ) 
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All the phenomena observed indicate the plausibility of the theory 
that the ores were deposited from solutions due to uprising waters 
diBSolvmg out the antimony content from the eruptive rocks, and 
that these solutions deposited their burdens not only in clefts and 
fissures, but also penetrated laterally mto the joints between the 


-5 

C 


Eio 2.—OroBB-seotion of a bedded antimony deposit m limestone at 
the Zavone III mine. 

A, Olay slate. 0, Quartz layer with antimony. 

B, Antimony ore.^ D, Limestone. 

strata whenever there occurred an impervious stratum cheokmg the 
downward flow of the solutions, and that also' sometimes havmg 
become stagnant, they dissolved the underlying limestone and 
replaced it by the mineral burdens they carried. 

Antimony ore is also found at Losnica. 

Fsanob. 

The greater part of the antimony deposits of France is found m 
the Central Plateau,* They generally occur m the form of vems, 
most of which have more or less been exploited. At the Nades 
mine, m Bourbonnais, the gangue is mainly quartz. At Bresnay, 
canton Savigny, the deposit is formed of two veins, contamed in the 
gramte. Here the minerals are acoompamed by a sort of white 
micaceous granuhte, analogous to that found at Magurka m Hungary, 
and consist of quartz and stibnite, the latter being thinly covered 
over with the oxide (A ) 

At Yillerange, in La Creuse, the antimony veins present an mter- 
esting phase, m that they out the gi*aywacke of the Culm formation, 
and m consequence their age can be very easily determined. South 
of Samt-Gireix (Haute-Vienne) the micaceous or amphiboho schists 

* The largeBt antimony mine is La Liicette, in Mayenne, discovered by Herren- 
Bohmidt. The antimony containe gold. 
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are out by numerouB veins of granulite, along the axis of which one 
often finds veins of quartz charged with antimony sulphide. (A) 

At Bresnay, east of Alher, and at Montignat, west of Montliigon, 
there is observed, m addition to metamorphism, a common origin for 
the stibnite and the rock containing white mica, as if the antimony 
had been leached out of the rock by underground water. (C) 

The moat important of The deposits m the Central Plateau are 
those which have been worked at Freycenet, Licoulne, etc., m 
Puy-de-D6me, Cantal, and Haute-Loire These deposits are enveloped 
m the fundamental or primitive formations of gneiss, mioa-schist, 
and granite. The vems, bemg generally vortical, contain lenses of 
stibnite, separated at mtervals by quartzose gangues. Sometimes 
the stibnite is intimately mixed with the quartzose gangue, and 
nearly always it is accompanied by iron sulphide (A.) 

Mention may be made of the antimony deposit at Ard^nhe, which 
has been spoken of as sedimentary in ongin (E). But it may be 
an impregnation or a metaaomatio alteration of the Tnassic dolomite 
m which the deposit is found (0 or D). 

In Corsica the veins occur in sencite schist, the gangue minerals 
being quartz, oaloite, blende, and, rarely, pynte, cmnabar, and 
boumonite 

Besides the above-described localities, the followmg may be men¬ 
tioned Auvergne, Card, Aude, Vendde, Lyonnais, Bouc, Sept^mes 
near Marseilles. 


Italy. 

The principal deposits are found in the province of Tuscany and 
in the island of Sardinia. The Pereta mine m Tuscany is opened in 
a mass of ohalcedonio quartz, in which stibmte is sparsely and 
irregularly disseminated, thus rendering its winnmg difficult and 
costly, especially since the quartz is very hard. Aocordmg to 
Coquand and Toso, the mass of crushed white quartz exists m the 
form of a great eUipsoid, of which neither the h^gmg wall nor the 
foot wall can be exactly determined, mtercalatmg Eocene calcareous 
shales m the north and cutting Miocene limestones m the south. 
Hydrogen stdphide (j>ut%zze) has been detected to the north of the 
outcrop. The stibnite is found in the form of stringers and pockets 
enclosed in the sulphur-bearing quartz, which is sometimes encrusted 
with stibmte, enclosing in turn small crystals and aggregates of 
sulphur. Undoubtedly the enclosing rocks have been subjected to 
metamorphism and have been impregnated with sulphurous emana- 
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tions, which have transformed the alberese (a variety of Eocene oaL- 
oareouB rook found in Tuscany) m part to gypsum and anhydrite. 
It 18 not quite certain whether the antimony deposit has any genetic 
relation with the sulphurous vapour. (Probably 0 ) 

At San Marbmo, Tuscany, cinnabar is found accompanying the 
stibnite 

At Monte Auto there is a peculiar occurrence of antimony ore, 
which is found in great blocks distributed in a black clay containing 
no other kind of rook except occasionally masses of dolomite, impreg¬ 
nated with stibnite (D.) 

At Siena, the Gettine di Cotomiano mine is opened in a vem of 
blackish quartz-like rook, m which, near the surface, oxide of antimony 
is found, changing, however, to the sulphide at some depth (A ) 

At Rosia, the stibnite is aooompamed partly by caloite and partly 
by quartz. 

At Su Suergin, in Sardima, the deposits occur at the contact of 
the Ehfietio limestone with Permian slate. Antimony glance, accom¬ 
panied by pyrites, is also found in the mica schist. Traverse gave the 
opimon that these deposits are of sedimentary origin rather than of 
vem formation (E.) 

England. 

Antimony ore is found very sparingly in Cornwall. 

Spain. 

Vemlets of quartz, carrying stibnite, occur generally in a belt of 
metamorphic schists and shales, their strikes bemg between W. 10** S. 
E 10“ N. and S W -N E. The shale, for a breadth of about three feet, 
seems to be mineralised by veinlets of quartz with stibnite, by 
pockets and impregnations of that mineral, whose walls are generally 
not well defined. (A and C.) 

Near Vmvela, in Malaga, native antimony is foimd to be impreg 
nated m the clayey shales, the size of the impregnated masses vary 
ing from that of an egg down to minute spangles. 

Other localities that may be mentioned are Estremadura and 
Badajoz, Caurel, BroUou, Orense 

Portugal. 

In the district of Evora, antimony ore occurs in quartz lodes at the 
contact of Palseozoio beds and granite (A.) 
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The principal antimony veins, in the neighbourhoods of Valongo, 
Paredes, and Gkindomar, m the district of Oporto, may be roughly 
divided mto two systems, aocordmg to the directions of their strikes 
The one system has a strike, N. 10“ to 20“ W., comcidmg with that of 
the country, and hence the deposits may be described as bed-hke lodes ; 
and the system has a course N. 30” to 60“ E Both of these occur m 
Sdunan rocks Near the town of Alcontim, m the district of Faro, 
there occur two distmct lodes ; one running E.-W. and the other N.W, 
the latter of which has the same strike as the country These occur 
m the slates of the Culm formation. Besides these localities may be 
mentioned Braganza. 

Algiers. 

The antimony deposits of Sidi-Bgheis are situated in the south¬ 
western part of the province of Constantme, and have been mined at 
Sempsa and Djebel-Hamimat They occur in the clays and limestones 
of the Lower Neooomian, The ore, according to Coquand, is in part 
a compact antimony oxide, and in part a granular crystalline variety 
contammg senarmontite. At times the oxide deposits may be 
superimposed by bundles of stibmte needles. The deposits possess 
little gongue and are generally in the form of very irregular masses, 
parallel to the plane of stratification. According to Beck, they are 
impregnations (C), while de Launay classifies them under sedimentary 
deposits, and Goquand considers them to be contemporaneous with the 
enclosing rooks. (E ) 

At Djebel-Taia, stibmte is associated with cinnabar. 

Turkey. 

At AQchar, m Macedonia, the antimony deposit is found associated 
with a great quantity of realgar, together with orpiment The 
sulphur is undoubtedly derived from the decomposition of stibmte, 
and is the principal agent m changmg many of the oxides into 
sulphides; while, together with oxygen, it transforms the neighbourmg 
chalk mto gypsum. This deposit is a good example of paragenesis. 

Other antimony ore localities are Adrianopolis, Monastir, Rozdan, 
Mytilene, Chios, Aidin, Eudemisch 


Sweden. 

At Sala, in Westmannland, a small quantity of native antimony 
IS found associated with the argentiferous lead ora It occurs in the 
primitive formations 
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Russia. 

Small quantities of antimony ore have been foimd. 


North Akbbioa.* 

Kem County, California.—^Veins containing stibnite occur j the 
gangue is usually quartz. (A ) 

Humboldt County, Nevada —Antimony deposits have been worked 
for many years in veins with quartz gangue. The most important 
of the American mines ore the Beulah and the Cenesee, at Big Creek, 
near Austin, Pure stibnite, attaimng to a width of three feet, has 
been found in some of the richest vems. (A.) 

Sevier County, Arkansas.—The veins, with quartz gangue, appear 
to be generally mterbedded in Trenton Shales and to he along 
anticlinal axes (A.) 

Iron County, Utah,—Disseminations of stibnite are found m 
sandstone and conglomerate, following the planes of stratification. 
They are generally masses of radiating needles, occurring in sand¬ 
stone and between the boulders of conglomerate. Blake thinks that 
the ore has been crystallised out from descending solutions. Above 
the sandstone eruptive rocks are found. (C ) 

In Sonora, senarmontite ore has been worked, but it was soon 
exhausted 

York County, New Brunswick, Canada—Yeina of quartz or of 
quartz and caloite oan-ying stibnite occur over several square miles 
The wall rooks are clay slates and sandstones of Oambro-Silunan age. 

Besides those described above, tlie following localities may be 
mentioned; Califorma (Havilah, Bousby, Erskine Creek, Grace 
Darlmg, Padre, San Emidio, CroweU), Utah (Garfield County), 
Idaho (Kingston), South Dakota, Mexico; Canada (Rawdon, Nova 
Scotia) 

South Ambrioa. 

Antimony ore has been found m the following places :—Nicaiagua, 
Chill, Peru (district Yauh and Huancavelica),t Bolivia (at S. Pablo, 
near Lipez, and m the vicmity of Tasna), Argentme Confederation 
(at CharilloB, in dept S Antonio de los Cobres, in prov. Salta). 

* Taken from The Ore Deposits of the United States amd Canada^ by Professor 
Kemp, 1900. 

t Stibnite IB here found associated witli quicksilver deposits—a case of para- 
genesiB. 
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China.* 

From private information received by the author, the dre seems 
to occur in veins of quartz The low-grade ore carries more or less 
gold and silver. (A and B ) The prmcipal localities are Nanning, 
Ssuoheng, Taipmg, and Hsilm districts, m Hunan province. 


Japan 

According to K. Tamada, stibnite veins are found in the island of 
Shikoku. They are, as a rule, thin, and occur in schists and other 
palaeozoic rocks. The gangue is generally composed of quartz, and 
sometimes of quartz and pyrite. (A.) 

At Itshmokawa, the veins occur in senoite schist, having as gangue 
materials quartz and a httlo calc-spar, banded with druses which 
contam very large beautiful crystals (A.) At the Nakase mine, 
the stibmte is gold-bearing (B.) 

At Kano, m the southernmost part of the Hondo peninsula, 
the veins euce 2 to 9 feet in width, and oontmue for a distance of 
6000 feet, cutting through the crystalline schist mountams (A ) 

At Totsugawa, south of Kioto, the vem outs through a quartzitio 
and graphitic schist. (A.) 

The remaining locahties are Nara, Ehrme, Yamaguohi. 

Bornbo 

In the northern part of Borneo (Sarawak) the antimony ore, some¬ 
times accompanied by pure arsenic and arsemo sulphide, occurs in 
quartz veins, cutting through the limestone and the slate formations. 

Coohin-Ghina. 

Stibmte has been found between Quan-Tuen and Mouoai in Tonkin. 
It has also been found in rounded stones or boulders of varying size, 
which have a peculiarly smooth yellowish-brown surface, accumulated 
m the beds of torrents. 


Asia Minor. 

Stibmte, with quartz as gangue, is found in the vicinity of 
Smyrna. 

*The author will soon make a geological excursion m the provmce of Hunan. 
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India. 

Antimony ore has been found in the foUomng localities:— 
Tenasaemn, Shigri, Jhelum district, 

Australia. 

N&w S(Mth Wates ,—At a mine near Armidale, the vein varies in 
width from 10 inches to 16 inches. The ore has also been found at 
Hargrave’s Falls and in the vicinity of Aberfoil. In the Macleay 
district the veins have been successfully worked. In the Bathurst 
distnot the ore occurs in blbcks without any well-defined lode. On 
the Munga Greek, the ore is found to be enclosed in a quartzose 
matni. (A.) East of Broken Hill, m the Barrier Range, the ore is 
argentiferous. A vem occurring in the orystallme schists of this 
region carries, wherever it outs amphibolitic intrusions, rich silver- 
antimony ores, dysorasite (AgwSbm), stromeyente (CuAgS), and 
antimonious silver chloride, the gangue being oalcite and iron- 
spar. (B ) 

Victoria .—At Costerfield, antimonial reef is found. At Whroo, 
oonoietions of antimony ore are found m many veins. In this 
remarkable instance the sulphide is enclosed in successive concentric 
layers of oxide, with here and there scattered grams of gold Stibmte 
is also found at Munster Gully, BunoUy, and at Donovan’s Creek; 
the lode of the latter looahty consists of nearly pure stibmte, attaimng 
to a width varying from 1 foot 6 mohes to 2 feet. At S unbury, there 
occurs a vein having an irregular course approaching to the strike 
of the Silunan strata. This vein, 3 mohes to 8 mohes m thickness, 
carnes about 2 oz of gold per ton (B.) Auriferous antimonial veins 
are said to occur 17 miles from Melbourne. 

Ausi/ralasm .—Antimony ores are also found in Queensland, New 
Zealand, and New Caledonia. 


South Afbioa. 

Antimony ore is said to have been found in the Murchison Range 
in the Transvaal. 
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THB METALLURGY OP AKTIMONT. 



nerreiischmjdt 



ffiNEEAL SCHEME OF THE METALLURGY OF ANTIMONY 

I. Extraotion by dry methods. 

A. Preparation of products for the production of metalhc 
antimony 

1. Liquation of crude antimony. 

(a) Intermittent working 

a. In pots m open fire. 

In pots m furnace 

jSj Receiver placed outside the furnace 
^2 Receiver placed below the pot m 
the furnace. 

(b) Continuous working 

a In tubes 

p. In reverberatory furnaces. 

2. Preparation of the stable tetroxide 

(a) Special furnace for ore dust 

(b) Muffle furnaces. 

(c) Rabble furnaces. 

(d) Long-bedded hand-furnaces (Fot'tschaufel 

tmgaofm). 

3. Preparation of the volatile tnoxide 

(a) Bobierre, Ruolz, Rousseau’s process. 

(5) M. de Pranoeschi’s process. 

(c) Glass’ process 

(d^ Herrensohmidt and Borthwick’s process. 

(e) Oehme’s process. 

(f) Herrensohmidt’s process. 

(y) Hermg’s „ 

(h) Helmhaoker’s „ 

(t) Chatillon’s „ 

(j) Woolford’s „ 

(Z.) Plews’ „ 


6? 
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(l) Heirenschmidt’s process 

(m) Rasse-Courbet’s „ 

(?i) Mimere e Fondene d’antiinomo Soci^ta 
AnoniEQa^B process. 

(o) Ohatillon's „ 

(p) Hen’enschmidt’s process 

B Methods for the pioduction of metallic antimony 

1 Reduction of the oxide (either teti oxide or trioxide). 

(a) In leverberatory furnaces 
(&) In water-jacket or blast furnaces. 

(c) In oruoibles 

2 Extraction of metallic antimony fiom antimoninm 

crudum 

(a) Tho so-called English precipitation method of 
reduction. 

3. Direct processes, ^ e extraction of metallic antimony 

direct from the ore 

(а) Bath furnaces, 

(б) Water-jacket fuijiaceB or blast furnaces 
(c) Converters (Manesae or Bessemer,) 

4. Other processes. 

II. Extraction by wet methods 

III. Extraction by electrolytic methods. 

IV. Refining of antimony 

1 In pots 

2 In reverberatory furnaces. 



CHAPTEE y* 


THE MBTAXLUEaT OP ANTIMONY. 

Thd principal ore for the extraction of antjimony is sulphide of 
antimony or stibmte, commonly known as antimony-glance The 
other ores—cervantite or antimony-ochre, kennesite, valentmite, 
senannontite, which occur only in small quantities in nature— 
together with the fumes and slags from the preYious smeltmg of 
antimony, are generally mixed up with antimony-glance preparatory 
to smeltmg. Dry methods are generally adopted for the eitrao- 
* tion of the metal, Gr of the metal m different oombmations, while 
the proposals for the use of wet piocesses or of electro-metallurgical 
methods have not yet found practical application The more or 
less pure sulphide of antimony is called “crude antimony,” and the 
refined metal itself is called “ antimony regulus.” 


I. Extraction by Dry Methods. 

A. Preparation of Products for the Extraction of MetaJlio 
Antimony. 

1. Liquation of Crude Antimony —Ores containing more than 90 
per cent, of the sulphide do not reqmre any further treatment, and 
are considered to be crude antimony. Ores contaimng less than 90 
per cent, and more than 40 or 60 per cent are subjected to the 
liquation process for the production of crude antimony. The best 
size of the pieces of ore for this treatment is walnut size. Smaller- 
sized ore or ores of pooler quality are generally worked up for the 
production of the metal 

The maintenance of the proper temperature in the liquation process 
IS very impoiiiaiit, in order to obtam the be6t result. If the tempera¬ 
ture is above a red heat the sulphide is volatilised, and if the tem- 

* In the oompilffition of this chapter, use has been made of the mformation 
contained in the standard metallurgical works of Phillips and Bauerman, of Bruno 
Kerl, and of Oarl Schnabel in dra\\ mg up the descriptions of the older methods. 
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perature is too low the residue will contain too large a proportion 
of antimony, part of which at least should go to the liquated 
product as crude antimony. It has already been mentioned that 
the best size of the pieces of ore is that of walnuts, for, if the 
size IB m any way smaller, the liquation process is less complete, and 
hence the residues are too rich m the sulphide j furthermore, fine ores 
he so close together as to render the escape of the fused sulphide 
difficult. 


(a) Intermittent Worhimg, 


As a rule, closed furnaces use more fuel and cost more for labour 
than open ones (reverberatory), which, on the other hand, lose more 
antimony through volatilisation and oxidation than closed ones. 
This loss can, however, be ehminated by the use of the condensation 
apparatus of Herrensohmidt, to be mentioned later. 

The smelting is done in pots, which are either heated directly by 
the burning fuel or by the ffiame coming from a fireplace. In the 
hquation m pots, the working is carried on intermittently, while 
oontmuoua working is permitted in that of tubes or reverberatory 
furnaces, thus economising the consumption of fuel. 

a Intermittent Idqwition vn Pots in Open Fire —Pots, being in 
direct contact with the fuel, are used at Wolfsberg m the Harz, at 
Magurka, Eosenau, and Gross-Gollnitz m Hungary, at Millesohau in 



Fio 8. 


Bohemia, and at Malbosc 
m France The only merit 
of this method is its sim¬ 
plicity, and for this reason 
it can be carried on with¬ 
out much difficulty at the 
mines If the ores are 
nch and fuel (wood or 
coal) is cheap at the mine, 
this method can be used 
with advantage 

The pots aie mode of 


fire-clay, and are able to 
hold from 11 to 36 lbs There are m the bottom of each pot foui or 
five holes, each varying from 0 4 to 0-6 inch in diameter, through which 
the molten sulphide escapes. Below these pots lest receivers, made 
of burnt clay, for the collection of the liquefied crude antimony. 
These receivers are embedded m sand, ashes, or breeze, thus ensuring 
the slow cooling of their contents The pots are ai ranged in several 
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rows at regular distances apart, each havmg from twenty to thirty pots 
The rows of pots are separated from one another hy walls of dry 
masonry, and fuel (coal or wood) is used to fill the spaces between 
the pots, and between the pots and the walls The time required 
for one shift of the pots vanes according to the amount of the charge, 




0 6 m. high, 0 29 nL broad above, 0'26 m wide at belly, 0*21 m. 

0 24 m. below, with five holes, each above and below. 

18 mm wide c, Fueplace 

b, Belly-shaped vessel, 0*24 m, high, d, Leading to flue, e 

generally from two to twelve hours At the conclusion of each shift 
the pots are hfted ofiF from the receivers, emptied of their residues, 
again charged, and finally placed in position The receivers may be 
emptied after each charge or when they are full The residues con¬ 
tain, generally, not less than 12 per cent of the sulphide 

Fig 3 shows the arrangement of this method as used at Wolfsberg 
in the Harz a is the pot, 6, the receiver, s, the non-conducting 
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material ; the masonry wall, provided with draught-holes. The pot 
IS 12 inches in height, 8 inches m diameter, and holds 22 lbs. 

At Malboso (Ardfeche),,m France, the charge is 33 lbs, per pot. 
The receiver is emptied every forty hours, after four charges. During 
this period, twenty pots produce 1060 lbs. of the sulphide, with con¬ 
sumption of 3330 lbs. of coal and 448 lbs of brushwood. 

J3 Intermitfmt Liquation vn Fota vnFwmace —Pots m a furnace give 
greater economy of fuel and render the working of poorer ores easier. 
The pots are placed on each side of the fire-grate m the furnace, or are 
arranged in a circle around it. The receivers ore either placed directly 
below the bed of the furnace—m this case they are surrounded by 
sand to prevent their coming into contact with the flame—or they 



Heatmg chamber Receiving veaaelB. 

d, The grate a, Pots 

/, Clay pipes. c, Opemngs in the roof. 


are placed entirely outside and are connected by clay pipes to the 
bottom of the pots The latter arrangement is more satisfactory, as 
it does not necessitate the interruption of the working of the furnace 
when the receivers have to be emptied A ^ood example of the 
former can be seen from the works at La Lmooule in Fiance This is 
shown in fig 4. 

It con also be seen at MjUesohau in Bohemia and at Banya in 
Hungary. 

Each vessel carries 20 kgs. 1600 kgs of 60 per cent sulphide ore 
requires the consumption of 0 46 to 0 49 ob m. of wood. 
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A good example showing the receiving vessels placed outside can 
be seen from fig. 6, as used in Hungary. 

An intermediate form is shown m fig 6. 

(i) GontimwuB Woihmg. 

a. In T'obes ,—Liquation in tube furnaces gives better results than 
those obtamed with pot fumaceSj the consumption of fuel being less and 
the production higher. Fig 7 shows the construction of the furnaces 
used at Malboso,* while fig; 8 shows another type of tube furnaces 

The tubes are arranged m groups'of four, placed over four leceivers, 
6, which are earned on carnages, c, with wheels There are three 



grates, c?, from which the flame, after playmg around the tubes, a, 
escapes into the chimney e is a hole m the side of the tube, by means 
of winch the residue is drawn out, the size being 2 7 ms wide and 4 7 
ms high. The hole is closed with a clay plug or with a luted plate. 
The size of the tubes is 3 ft. 3 ms. high, 10 ms m diameter at the upper 
end, and 7f ins. in diameter at the bottom, their walls being 0*6 to 0 8 
inch thick. 

It must be noted that a newly built furnace must be heated to a 
bright red heat for forty-eight houi-s befoie a charge can be started 
The regulation of the temperatuie is an impoiiiant factor, and is ad¬ 
justed according to the colour of the product, which should be of a 
bluish tmt, while a red colour is an indication that the heat has been 
too great 

* This has been replaced by the apparatiia patented by Herreusobmidt. 
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The charge for each tube la 6 cwts. of ore, three hours are required 
for complete hquation ; the yield la only 50 per cent of the sulphide 




. Fig 8. 


content, 64 cwts of coal are used for the production of 100 cwts. 
of the sulphide, the tubes last twenty days each 

The cost of producing 100 kilos of sulphide m tube furnaces is:— 

Labour . . , 1 63 fr ( = 7 4d. pei cwt) 

Fuel . . . . 1*28 fr ( = 6d. „ ) 
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The cost of producing the same m pot furnaces is.— ^ 

Labour . . . 2 21 fr (=104d per owt) 

Fuel . . 6 84fr. (=2a 8d. „ ) 



B Gontimwus Liquation in Beverleratorp Fumaces.-ThiH method 
of hmiation poBBesses the merit of hemg the least expenBivo m fud, 
labour, and repairs, but necessitates a gieat loss of the sulphide 
through volatilisation during the operation 

It can thus be seen that its adoption is only recommended where 




Fig 11 —Perspective view Seale: 
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fuel is dear and the coat of mining is low, and where it is a question 
of pioducmg large quantities of crude antimony with great rapidity 
Thus, under these special conditions the loss of the sulphide may be 
practically neglected. 

The construction of such a reverberatory furnace is that of the 
ordinary type, with the exception that there must be present a tap- 
hole at the deepest pomt of the bed for the removal of the hquated 
sulphide 

Figs 9, 10, 11, 12 show the construction of a liquation reverbera¬ 
tory furnace. 

The mevitable loss m tubes and in reverberatory furnaces can be 
prevented by using the condensation apparatus of Herrenaohmidt 

ProducU of Liqv/itzon ,—The crude antimony thus produced 
generally contains some impunties (1 to 4 per cent, of iron sulphide 
and 0*2 to 3'4 per cent of arsenic sulphide). 

The following is an analysis of a liquation residue given by Bruno 


Kerl — 

SbaSj* . . . . . 20 40 

FeS . ... 2 87 

FeSg . . . 1 28 

SiOa . . ... 69 84 

AlgOs . . . 4 66 

OaO . . . .6*22 

COs . 4*10 

Alkali aud cai bonaoeous uiattoi . . 1 *69 


' 100 

The liquation residues, If sufficiently rich, are worked up for 
antimony regulus ^ 

2 Preparation of the Stable Tetroxide.—Smce the sulphide and 
the oxide of antimony ore are not mutually decomposed on heating, as 
are the sulphide, oxide, and sulphate of lead m the preparation of 
the metal from galena, a roasting and reaction process cannot, there- 
foie, bo used for the winning of antimony from its ores When 
sulphide and oxide of antimony are melted together, a glass of oxy- 
sulphide is formed Antimony tetroxide can only be reduced to the 
trioxide in the presence of the sulphide, while at the same time 
antimony glass is formed 

An oxidised ore is generally mixed up with the roasted sulphide 
for the reduction process, and any ore, when sulphuretted, is worked 
together with antimony glance 

•The SbaSg is not only found lu the intenor of the pieces, but covers them 
with a film of thin glaze. •• 
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The product of oxidising roasting may be either the stabL 
tetroxide (Sb 204 ) or the volatile trioxide (SbgOg) The latter metho( 
18 called “ volatilising roasting ” (Germ vev^chtigende Rostvmg\ an< 
will be treated under the next heading. 

The chemical changes which take place for the production of th 
stable tetroxide are as follows ;—When aiffcimony glance is heated no 
much above SSO"* 0., the trioxide is formed, with the evolution o 
sulphur dioxide. 

SbaSa+90=ShaOa+SSOa- 

A part of the tnoxide is further oxidised to the pentoxide, SbgOf 
which, combining with some of the tnoxide, forms the tetioxide 
SbgO^. When oxides of metals are present, antimoniates are formed 
If the ore contains a large quantity*of sulphides of foreign metah 
which would, under ordinary circumstances, form sulphates, i 
they alone were calcined, antimoniates of the foreign metals ar 
formed. 

The roasted mass should contain the tetroxide principally, i 
the ore is comparatively pure and if the correct temperatur 
and proper quantity of air have been maintained throughout th 
process of roasting. But ideal conditions are very seldom me 
with; hence the product may contam antimony glass, unde 
composed sulphide, and antimoniates, arseniates, and sulphates o 
foreign metals, if the ore contains these foreign sulphides an< 
arsenic compounds. 

According to Bidon, the proper temperature for roasting anti 
mony glance is about 360“ C.; if the temperature is too low, th 
sulphide is not decomposed, and consequently antimony glass i 
formed from the mechfiinically melting together of the sulphide an( 
the trioxide at a dark red-heat, and if the temperature is too high 
the mass begins to frit together, thereby preventing the penetratioi 
of air to the interior of the mass, and both the sulphide and th 
oxide are volatihsed 

The fritting of the mass durmg roasting can be prevented b; 
constant and regular rabbhng. The presence of gangue has a gooc 
effect in obviating, partially at least, this difficulty This account 
for the fact that, the ncher the ore is, the more difficult it is t' 
roast. But, with rich ores, it is impossible to prevent to som 
extent the loss due to the liquation of the sulphide and the formatioi 
of flue dust, which mainly consists of the tnoxide, the tetroxide, th' 
sulphide, arsenic compounds, and carbonaceous matter. Toward 
the end of roasting the temperature can be raised a little, m orde 
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to further roast any remaining unoxidised sulphide An oie 
properly roasted should have an ashy-gray colour on cooling, and 
should appear reddish m colour while in the furnace. Furthermore, 
it should give a soft feeling under the rabble and should be free 
from any fnttmg together of the mass. An excess of air is 
necessanly required for the formation of the stable tetroxide instead 
of the volatile trioxide 

The roasting of antimony glance for the production of the tetroxide 
IB now carried out m reverberatory furnaces, provided with arrange- 



Fio 18.—Scale=^, 

Description af fig* 18, showing a> longittidindl section, 

A, Foundatiou H, Fire-bridge 

B, Hollow below the trough. J, Space for the ore to be 

0, Fire-brick. oxidised 

D, Ordinary bnok K, Arrangemeut for allowing 

E, Grate. the water to drip. 

F, Funnel-shaped opening L, Water reservoir 

forohaiging M, Chimney 

G, Oondenaation chamber 



for the oxide. 


ments for condensation. In Hungary muffle furnaces and special 
furnaces for the roastmg of ore dust were used m 1862 , these will 
be descnbed first 

The special furnace for ore dust is shown in figs 13 and 14. 

The stirring of the charge m this furnace must be attended to 
as frequently as possible, to prevent any fritting together of 
the mass 

The muffle furnace is shown in figs 16 and 16 Its use is to make 
possible the production of more or less pure tetroxide, together 
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Kio 14—Scale = 3 ^. 


Descryphon of jig l¥, 

A, Oxidation chamber. 

B, Fire-bnck 

0, Ordinary bnolc 

D, Door 

E, Grate 


skmomg apla/tb mew 

F, Ooiidensatioii ohambei 

G, Arrangement foi the watei to 

dnp 

H, Ohimne\ 

J, Working door 



Fig 16 —Scale =5 


Description of jig 16, shovnng a cross section. 


A, Muffle inside 

B, The fire-clay muffle. 

C, Heatmg space 

D, Fire-bnok. 

F, Ordmaiybnok 

F, Outlet for sublimation product. 


G, Outlet for smoke, 

H, Grate 

J, Door 

K, For ashes. 

L, Piolileof the cover, with hole 

for the admission of air. 
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mth a better control of the oxide and of the smoke coming from 
the hreplaoe. 

The two kinds of reverberatory furnaces now in actual use for 
roasting are rabble furnaces and long-bedded hand-fumaoes (Germ 
Fortschcmfelii/n^aofen) 

The rabble furnaces were used formerly at Bouo and Sept^mes m 
France. Fig. 17 shows a plan view, while fig 18 shows a section 
across A B. ct is an egg-shaped horizontal bed, 8 ft. 3 ms. long, 
4 ft. 7 ins. wide at its greatest width ; r r are fireplaces, 6 ft. 3 ms 



Fio. 16.—Front view Scale=iV 


A, Cover for the muffle. 

B, Hole for the admission of 

air 

0, Heatmg space. 

D, Fire-bnck. 


E, Ordinary bnck 

F, Door for fuel. 

G, Grate 

H, Ash-pit. 

J, Exit for smoke. 


long and 1 ft 2 ms. wide, 5, door for working, d, flue leading 
to the mam chimney; f hood for the removal of antimonial 
fumes from the fumace-men. In six hours 6 to 6 owts. of 
ground and sifted ore can be roasted m such a furnace; the door 
must be closed durmg the first two hours, but toward the end 
it is opened so that the workmen can stir and rabble the charge 
well. The loss of antimony m well-executed roasting is about 
2 per cent. 

At Siena the method of working is thus.—4 cwts of fine ore 
charged at one time. Time of roasting = 3 to 12 hours, according to 
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a reverbei’atory furnace), as used in New Brunswick, are as 

follows:— 


Length 

. 42' 6" 

Width 

. 7' 6" 

Working dooi’s on eaoh aide 

10 

Height from bed to roof 

. 2' 1" 

Width of fire-'^te 

. 2' 1" 

Height of fire-bndge 

. 6' 2'^ 

Breadth of fire-bndge 

. 1" 

The method of workmg is as foUows - 

— 

Capacity of fninaoe 

, 80 owts. 

Oharges 

6 to 6 o^\ ta at one time. 


8 charges (18 owts.) dunng 24 hours, so that 
Shift . • eaoh charge remains m the furnace for 40 

I hours. 


Conaim^on of | of ^ qqj^ 24 hours. 

Loss of Sb 7 6 per cent. 

The ore must be strougly iioated and thoroughly rabbled every five 
minutes during the last two hours before being drawn. Properly 
roasted ore must have a dull gi’ayish-yellow colour 

The furnaces, as used at B^ya, have the following dimensions.— 

Length . ^ . 26'8" 

Width . . . . 6' 6" 

Working doors on each aide .... 6 

Ores roasted in 24 hours .... 24 owts. 

Charges of 4 owts each are mtroduced at the colder end of the 
fiimaoe, and are then finally drawn after twenty hours at the opposite 
end. Stepped grate is used, and the fuel is lignite. 

The foUowmg operation for roasting the ore is carried out in 
Tuscany, Italy:—200 kilos, are charged into a reverberatory 
furnace, heated up a Lttle previously. The temperature is then 
raised to not more than 360®. Rabbling is carried on for from three 
to twelve hours. Rich ores require a longer time. Each operation 
requires 36 kilos, of lignite, and the loss due to volatilisation is not 
more than from 6 to 8'6 per cent. 

Another type of the same kmd of furnace is shown in figs. 19, 20, 

21, 22 

Furnaces with a trough-shaped bed sloping towards one of the 
longer sides of the furnace have been proposed for the performance 
of both reduction and roasting at the same time The use of having 
the slope is for the tapping off of any portion of the sulphide that is 
unavoidably liquated dunng the roasting. 





Fig 20 —Section on 0 D Scale = 


The advantages of this method for treating antimony oro are — 
(1) The sepa-ation of arsenic fr6m antimony, duo to the fact thal 
araenio oxide is moie volatile than antimony tiioxidc 
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(2) If the ore contains gold or silver, the latter is generally found 
in the residues after volatilisation 

(3) This method makes it possible to treat low-grade ores, eg. 
7 per cent, to 20 per cent., with profit 



Fig 21.—Section A B Scale= t{V 


(4) With different devices for condensation, the loss of antimony 
is practically ml 

(5) The economising of fuel. 

(6) The trioxide, thus condensed, can be reduced to metallio anti¬ 
mony, or it can be used for other industrial purposes—for instance, to 
make paints. 



Fig, 22—Perapeotive Scale=7^7 

From these we might be led to bebeve that this method forms the 
proper line of development of the metallurgy of antimony m the 
future, judging from the most favourable results that have already 
been attained m Fiance, m which country this method has reached 
its highest perfection. 



THE METALLURGY OF ANTIMONY. 


The histonoal development of the many processes based upon the 
volatilisation method that have been brought forward, is shown by 
the followmg list and descriptions.— 

1844 Bobieire, Ruolz, RouBseaxi 
1868. M de Frauoesohi 
1862 Glass 

1876. Hen-cnaohmidt, Borthwiok 
1880 (?) Oehme 
1881. Herrensohmidt 
1883. Henng 
1888. Hehnhaclcer. 

1888. Ohatillon 
1889 Woolford. 

1902. Flews. 

1903 Herrenschmidt 

1906. RaBse-Oourhet 

1907. Miniere e Fondene d'antimonio Soci&ta Anoiiima, Italy. 

1907. Ohatillon 

1908. Herrensohmidt. 

These will be taken up in their proper order. 

Bobierre, Ruok, and Kousseau were the first persons to put forward 
the idea of producing antimony tnoxide by the volatilisation method, in 
1844. For a brief description of their process, see under Chapter VI 

M. de Froncesohi followed in 1868 by using air only, and admit¬ 
ting it m limited quantities. 

In 1862 Glass proposed to draw air through a bath of melted sul¬ 
phide m order to obtam the volatile oxide and produce an impure 
reguluB 

The next important step was taken by M. Herrensohmidt and 
Borthwick, who m 1876, in Australia, patented the process shown lu 
fig. 23, especially applied to ores containing gold This process con¬ 
sisted of a rotating roastmg furnace, having the section of an elon¬ 
gated horizontal truncated cone, with a ventilator and a chamber foi 
the deposit of the volatile oxide formed 

In 1880 (?) Oehme described the followmg procSss for producmg 
very pure antimony oxide .— 

In twenty-four hours 600 kilos of ore can be treated The charge 
must remam about twenty-four hours m the retort or muj63.e. The 
working of this process is not so easy as it appears, as some dextentj 
is required in admitting the proper quantity of air and water 
The formation of more hydrogen sulphide than sulphurous acic 
mdicates a deficiency of water added; if the air is m excess, tht 
tetroxide is formed instead of the volatile trioxide. A dark-red hcai 
is best for obtaining a satisfactory result The residue of a well 
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roasted ore should have a grayish appearance Ore containing less 
than 30 per cent of antimony is not suitable for this kind olP furnace. 



Fig 24.—aoala=-^. 


A, The muffle in ivluoh the ore is 

to he volatilised 

B, The fireplace. 

C, The ash-pit. 

D, Iron fine, through which any 

uncondensahle gases pass out. 

E, Channel under the ground. 

F, Iron pipe leading the trioxido 

mto the condensing chamber G 


G, Condensing chamber. 

H, The last chamber in which any 

remaining gas is to be con¬ 
densed by a stream of water 
running thiough K 
J, Door for emptying the contents 
of the chamhei. 

X, Small pipe to lead water mto 
the mnffla 


In 1881 M Henensohmidt patented a process,* of which the 
following IS a brief description — 

The natural sulphide ore, containing, say, 25 per cent, of antimony, 

* New SoLitli Wales patent No 097, Cot. 10, 1881, 
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18 introduced into a blast furnace or a cupola with 10 per cent of 
coal If the mineral is an oxide, then 26 per cent, of coal is required 
In immediate connection with the furnace or cupola is a chamber 
for the condensation of the volatile oxide thus produced, and beyond 
it a reservoir containing water for the condensation of the last trace 
of the volatile tnoxide. The practical workmg of this process may 
thus be summansed t—200 lbs of coal are burned in the furnace or 
cupola; on it is put one ton of sulphide ore or 800 lbs of oxide ore j 




Fig. 26 —Scale=A. 

A, Profile of the muffle. 0, A section on the front 

B, A section on the back. D, The cover, with an air-hole. 

air is then drawn m by means of a ventilator, the oxygen of the air 
thus introduced combines m part with the antimony, forming the 
volatile oxide, and in part with the sulphur, forming sulphurous acid. 

The process of Henng (1883) was analogous to that of Herrensohmidt, 
the pnncipal difference bemg that the roaatmg was effected in a 
reverberatory furnace. 

In 1883 Helmhacker first mentioned the use of cloth or sack for 
the condensation of the fine volatile oxide, m place of water, which is 
BO destructive to the metallic lining of the reservoir. 



THB METALLURGY OF ANTIMONY. 


89 


ChatilloD, who is now the owner of several large antimony smeltmg 
works m Haute-Loire (France), patented a process* m 1888, which 
IS briefly thus •—Coke and ore are charged alternately into an ordinary 
roasting furnace, from which the volatile oxide thus developed is 
aspirated by a series of ventilators—generally three—into which 
boilmg water is introduced for catching the volatile oxide in the 
currents passing through them, the last trace of the oxide is absorbed 
by the water oontamed in a senes of basins. 


n 

P\ 


M !l - 

s \ * 



•Fig 26. 


A, The inside of the chamber 

B, Pipe for supplying antimony 

oxide 
0, Outlet 

D, Watei-pipe 

E, Star-shaped piece for sprinkling 

F, Manhole 

G, Protector-piece against tlie 

shower for the pipe 

H, Bnok foundation, 

J, Plan view of E. 

K, Water overflow. 


Woolford’s process (1889) is veiy similar to those described above 
M Plews* patentt is as follows (1903) —The sulphide mmeral is 
first broken into pieces not larger than 1 cubic centimetre, and is 
then charged into a furnace already heated to dark red by means of 
any kind of smokeless combustible matenai An oxidising flame is 
then pi-oduced m the furnace, and the temperature is raised to light 
red and is so maintained until all the volatile oxide is given off 
With certain minerals, the antimony is not easily volatihsed by an 

* French patent No. 189,974, April 16,1888 
i Freni h patejit No 318,ti68, Feb. 13, 1902 
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ATiHiamg flame, m this case penodio alternations of an oxidising 
flaTAA and of a reduomg flame are maintained so long as necessary 
Ventilators are used to produce a draught oairying the volatile oiid< 
from the furnace mto the chambers for condensation The last trac< 
of the oxide not yet condensed is finally absorbed m a basin of water 
A rotative furnace of the ordinary type is preferred to any othei 
VitiH. Coal gas or oil gas may be used. (Fig 27 ) 

In 1903 M. Herrenschmidt patented* a process which is a greal 
improvement upon his former patents In order to thoroughly 
condense the oxide produced, the apparatus must possess a larg< 
cooling surface, have a large volume for facilitating the deposition o 



A, Qaa-produoer. 
a, Air inlet 

B, Eotatave roasting furnace 
C G, Oondensatiou chambers. 

0 , Yentilator 

D, Keservoir containing water. 


H, Flue in connection with a 
chimney, to be used when 
an intense heat is lequirod. 
The water vapour used may 
be introduced at J. 


the oxide, and be able to subdivide the current of volatile oxide Tin 
apparatus described below possesses these thiee principal factors 
Fig 28 IS a longitudinal view, and fig. 29 is a transverse section. 

Rasse-Courbet's process is as followst:—Fig. 30 shows a longitu 
dinal view and a section across A A of fig. 31, which is itself j 
section across B B of fig 30. Fig 32 shows the subsidiary parts o 
the apparatus The furnace is composed of several muffles, and o 
a hearth. The muffles are so arranged that the flame may pla;) 
around them through the canals, c, and then passes into th( 
chimney, d 

* French patent No. 833,306, June 23, 1903 
t French ^latentNo 362,466, Jan 16, 1906. 
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Fig 82. 
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The mineral is introduced into the muffles through doors, /, which 
are closed dunng the roasting. 

The muffles are not in communication with one another , each 
muffle has an opening through, e, into a chamber, which communi¬ 
cates, through an openmg, o, with a channel, A, connected with the 
condensing chambers, ^ The circulation of the vapour is obtained 
by means of a ventilator, placed immediately after the last chamber 
of condensation The remaining gas, after passing through \ is 
washed by a water-shower in and then passes into the basins, m 

The Mmiere e Fondene d’antmiome Soci^ta Anonima, Genoa, Italy, 
one of the principal antimony smelters, patented in 1907 the follow¬ 
ing process* — 

In other processes the oxide produced is generally condensed either 
in long flues, or on baffles, or m large condensation chambers In 
many cases the volatile matter is mixed with water in the ventilators, 
after which the oxide is separated out by decantation. Tlie conden¬ 
sation in these oases is not always complete, and the object of the 
present invention is to prevent any loss of the oxide by filtering 
through cotton, Imen, or any other fabric that will arrest the oxide con- 
tamed m the smoke 

In order to prevent the carbonisation of the tissues used, it is 
necessary to cool them to about 100“ If the oxide-contaimng fumes 
have too high a temperature, they must be cooled by parsing them 
through chambers or metallic tubes more or less surrounded by water 
Care must bo taken not to allow the oxide at its early stage to come 
into contact with any water, as the presence of water would destroy 
the permeability of the tissue and lead to the foimation of sulphurous 
acid In order to overcome the resistance to the draught, offered by 
the tissues used, it is necessaiy to use ventilators 

Figs 33, 34, 36, 36 represent cooling and condensing chambers, 
figs 37, 38, 39, 40, filtermg chambers 

Fig. 33 is a cross-section of fig. 34 The walls and foundations of 
these chambei’B are of masonry, atone-conoiete, or sheet-iron. The 
roof IB always bordered lengthwise by L-shaped plates, 2, so 
as to serve as evapoiating basins for the water flowing over the 
loof The condensed oxide falls into the socks, 3, from which it 
can be disohaiged Figs 35, 36 show another form of condensmg 
ohamheis, fig 36 being a oross-section, the channels are arranged 
in chicanes, 6, with openings, 4, for the discharge of the condensed 
oxide 

Fig 37 represents a cross-section, and fig. 38 a longitudinal section, 
* French patent No. 381,517, Sept 4, 1907 
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of the filtering ohamhers. The smoke from the condensing chamber 
IS aspirated by a closed ventilator, 6, through the passage, 7, over 
which are hung a senes of sacks, 8. The oxide, filtered off by means 
of these sacks, MLs down into hoppers, 9, and is then discharged 
through 10. The remainmg gas may then be taken to an ordinary 
chimney. 

Figs. 39 and 40 represent another form of filtenng chambers. 
The fume from the condensing chambers is aspirated by a ventilator 
(not represented) through tubes, 11, made of sheet-iron Bek 
these tubes are suspended the sacks, 12, by means of which tl 




oxide is filtered off, falls into hoppers, 13, and is then discharged into 
16, through 14. 

M Emmanuel ChatiUon patented* in 1907 another process which 
will be described later on The mam advantages of this process are — 

(a) The possibility of treatmg ore dust. 

(b) The saving of the heat evolved, m the furnace as well as in the 
chamber of condensation. In the latter the heat is used to raise the 
temperature of the air before passing into the furnace 

(c) The complete filtration of the oxide by means of sacks. 

Fig. 41 shows a vertical section across A A of fig. 42 and BB 
of fig. 43. Figs. 42 and 43 are horizontal sections through C C 
and D D of figs. 41 and 44 respectively 

* Fiend’ patent No 382 '>04, Oct 3, 1907. 
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The roasting furnaoe is composed of two cupolas, ah and cc? 
rectangular in section and communicatmg with the superior pait, e, 



m/ 'rv 6! ri/' 'm 

Fio. 41 


common to both, each cupola is charged, as usual, with alternate 
layers of combustible material and ore; each cupola, a, c, commumcatcs 
with an inferior cupola, 6, cf, where the last traces of the oxide are 



Fig 42. 


removed from the scoria, and where hot air is produced, which, 
together with the metalho gas, returns into the superior cupola 
through little channels m the masonry,/, A, and through/a 
g\ g\ h\ 





THE METALLURGY OF ANTIMONY. 


9 


Tlio mfeiior cupola also communicates with a kind of gratae 
hoppei, K, two surfaces of which consist of inclined bars and tw( 





Fio. 48. 


of inclined masonry The finislied soona passes into this, and then 
through the movable register, m, into the waggon, n 

The parts JO, r are enlarged by the corbelling out of the bucks, 



Fig 44 


and are more or less inclined inward towards each cupola ^ they form 
a surface of about 4 metres square, and are destined to receive the 
dust ore, which is melted by the heat, falls mto the cupolas drop by 
drop, and, on meeting the hot air coming into the cupola through 
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A /®, g\ and c, is changed into volatile oxide The 
and condensing chambers may be connected with h 

The latest improvement in the vofeitilising process is embc 
a patent* obtamed by M. Herrensohmidt, with which the 
18 personally familiar. The fundamental principle is the t 
that of his earher patent, 1903, the only difference being 
details, which are clearly shown in fig 45, and Plate opposite 

The HerrmBchmidt Process of Antimony Smeltmg, (1 
dnicUon, —The present account ip based upon a personal s 
the new process, and contams the results of a few expe 
earned out in the La^<yratovre de recherckes vr\3mtnelli 
tons minerals of M Herrenschnudt, at Le Genest (Ms 
France, to whom all the credit is due The experiments 
volatilisation process, given m the patent No. 386,107 tal 
by M. Herrensohmidt April 6, 1908, m France, were can 
by that gentleman and myself on the 24th, 26th, and i 
May 1908 

(2) Description of the Apparatus —Fig 1 of fig 46 is a long] 
section. Fig 2 is a cross-section along a h Fig 3 is a cross 
along c d ef Fig. 4 is a horizontal section along J Y. 

The broken mmeral is charged, together with a oertam ] 
age of fuel, mto the roasting furnace, a, the bottom of w 
formed by honzontjal iron bars, 6, arranged symmetnoally i 
distances apart. 

The volatile antimony trioxide is deposited on oondc 
pipes, e (Fr. tuyoMX d axlettes), m the condensmg chambers 
the aid of the two ventilators, h. 

The last trace of the uncondensed oxide is laid down by the 
coming from the coke-tower, % at the top of which ore the wat* 
f and the see-saw water-distnbutor, h The roasting furnace 
partly of bnoks and partly of cast metal; the condensmg oh 
are all of oastriron, and the coke-tower is formed of wood 
condensmg chamber is 1 metre long 

(3) Description of the Process.— {a) The guaranteed results 
apparatus just described are — 

The yield m oxide is never less than 90 per cent of the 
contamed in the ore 

With ores direct from the mine, containing 10 to 15 pc 
of antimony, 6 tons can be treated every twenty-four hour 
a consumption of 4 to 6 per cent gas coke or 6 to 7 pe 
of charcoal. 

* French patent granted April 6, 1908, No. 886,107 
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Longitudinal Section 

J.Y. 
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With, ores oontammg 18 to 20 per cent of antimony, 4J tons pei 
twenty-four hours can be treated, with a consumption of 5 to 6 pei 
cent, gas coke or 7 to 8 per cent charcoal 

The gold, if piesent m the quartz of the ore, is almost aU recover 
able from the scoria 

For each apparatus four workmen are employed m the twenty-fou 
hours, and 3 H.P, is used for the ventilators and pump. 

(6) The working conditions —The best size of oie to be treatec 
IB from 1 to 4 centimetres The ore dust must be separatee 
out and, if m large quantity, can be moulded with 7 to 8 pe 
cent of clay into balls of the proper size and charged along witl 
the ore. 

(c) The actual working is thus;—The roasting furnace is at firs 
charged with old scona up to a height of about 10 centimetres abov 
the uppermost iron bar forming the bottom, then enough wood anc 
charcoal are put in to a height of another 10 centimetres, as sooi 
SIS they are lighted and bum freely, another charge of 300 kgt 
of old scona, mixed with 6 per cent, of charcoal, is put in, and 
finally, when the burning is thorough and the furnace is hot, 
charge of 60 kgs. of ore (containing about 16 to 20 per cent 
Sb) mixed with 2 kgs. of charcoal is put m, and this is continue' 
until the furnace is full to within 30 centimetres from the nioiitl 
The same charge is continued every 12 to 14 minutes, according t 
the rate of revolution of the ventilators—which is from 1200 to 140 
revolutions per mmute—and the scoria is discharged accordingly 

Gas coke gives better results, if it is obtainable, and, if it is usee 
only 2 to 6 per cent, or 1 to 3 kgs for every 50 kgs. of the sam 
class of ore, are necessary, according to the nchness of the or 
roasted. 

The temperature of roasting should not be more than 400" 0. 

Water used per day for one apparatus is 30 cubic metres 

(4) ResfulUoftheExpefi^nientB. {a) First Bxp&riment —Thefumac 
was hghted at 8 30 a.m on the 24th of April, and it was not iint 
10.5 a.m that the furnace was hot enough to admit the firat oharg« 
'The working was continued regularly until 11 pm. of the sam 
day; the total working time was therefore 12 hours 65 minute 
The charging was as foUows —Each charge consisted of 60 kg 
of ore, minus the oie dust, which had previously been sieved oi 
The first three charges were mixed with 10 per cent of oharcoa 
the fourth to the tenth charges with 4 per cent, the eleventh to tt 
nineteenth with 2 per cent., and from the nineteenth to the Isu 
' with 4 per cent The total charges amounted to 2850 kgs. of ore 
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The products of roasting fSbgOg) are — 


1 st coudeneing ohamber . 

76 kga. 

2nd ,, „ 

66 „ 

3id ,, ,, 

66 ,1 

4th ,, „ 

48 „ 

6 th ,, . 

49 

6th ,, M 

44 „ 

7th „ „ . . 

34 „ 

8th i> . 

24 I, 

9th ,, . 

19 I, 

Total 

= 424 kgs. 

It should be noted that the cleaning of the chambers and pipes for 
the removal of all the oxide wa^s earned out m the next expenment, 
(6) Second Bi)^&nment — The first charge in the second expenment 
commenced at 11 5 a.m on the 25th of April, and the last charge 
stopped at 10 30 p m. of the same day, thus giving a total of 11 
hours 26 mmutea workmg time. Each charge consisted of 60 kgs 

of ore mixed with 4 per cent of ohaicoal 
amounted to 2726 kgs of ore. 

The total charges 

The products of roasting (SbgOg) are — 


Ist condensing ohaniboi .... 

176 kgfl. 

2nd ,, ,, 

103 ,, 

8rd ,1 11 * 

96 II 

4 th ,, ,, 

61 „ 

6th ,, „ . . 

46 

6tli ,, „ 

38 

7th ,, . 

32 „ 

8 th II II • 

28 „ 

CD 

23 1 , 

Total 

= 002 kgs. 

These numbers represent the actual amount 

of oxide extracted 

from the ore, the cleanings of oxide, due 

expenment 

m part to the first 

Further cleaning of the pipes and chambers gave 32 kgs. The 
condensing tanks, in fig 4 of fig 46, gave 178 kgs. of dried oxide 
Now, if all hod been thoroughly cleaned up—the pipes, the condensing 
chambers of the coke-tower, and the precipitating tanks—there would 

have resulted at least 6 kgs, of oxide more. 


(c) ConclvMon. — The ore treated contained 

19'6 per cent of 

antimony. 


The oxide found m the first chamber contained 23 per cent, of 


impurities. 
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An analysis of an average sample of the oxide from the other 
chambers gave 6 per cent, of impurity 
Total quantity of oxide obtamed:— 


1st expemneiit 

424 kgs. 

2nd „ . . 

. 802 „ 

Dned oxide (from tanks) 

. 178 

Oleanings 

82 „ 

Estimated cleanings 

6 


1241 kgs. 

The amount of ore treated was •— 


Ist experiment 

2860 kgs. 

2nd „ 

2726 „ 


6676 kgs. 


The actual quantity of pure oxide obtainable was:— 


1241 ~ [(76 +176) X *28 + (989 x *006)] 

=1241-(68 + 6) 

= 1178 kgs. of pare oxide, whioh is equivalent to about 981 kgs. of pure Sb 

Now, smoe the ore analyses recorded 19-5 per cent Sb, then in 
6576 kgs. of ore there are 1087 kgs. of Sb. 

Hence the percentage loss is ;— 

1087 ” 100=a little less than 10 per cent. 

1087 

Agam, the scona, when analysed, was found to contam only 
1 ‘3 per cent of Sb, which is equivalent to 62 kgs. of Sb considered 
as loss m the scona (62 = 1‘3 per cent, x 4000 kgs. of scoria) 
Most probably, if the different parts of the apparatus weie 
thoroughly cleaned of their oxide, the loss would not be more than 
5 per cent. 

Praotioally, m twenty-four hours 6J tons of such ore can be treated, 
with a consumption of 4 per cent, charcoal. It is most probable that 
at least 7 tons could be treated per day, if the rate of revolution of 
the ventilators were increased from 1200 to 1400 per mmute. 

The reason why charcoal was used m these experiments is that, 
although gas coke gives better results from an economical point of 
view, it is not easily obtamable in some of the out-of-the-way places, 
where perhaps the price of charcoal is not very far above that of 
gas coke, if not actually less 

Generally speaking, it costs about 70 francs to produce one ton of 
oxide by this process m France 

The complete apparatus described above costs 10,000 francs 
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B. Methods for the Production of Metallic Autimouy. 

1 . Beduction of the Oxide—The object of this is to reduce the 
oxide (trioxide or tetroxide) to metallio antimony, commonly called 
antimony regulus Now, if coal were the only agent used for the 
reduction, there would be a great loss due to volatilisation, and, m 
addition, some unaltered sulphide of antimony in the roasted 
ore. Therefore alkaline substances like potash, soda, Glauber salt, 
etc., are added in order to form a fusible slag, which, being hghter 
than the metal produced, would form a cover over the metalho bath, 
thus preventing any possible volatilisation, and would dissolve any 
sulphide of antimony present This slag also serves as a rehnmg 
medium, removing any impurities present from the final metalhc 
product. 

The working expenses of the roasting and reduction process are 
less than those of the precipitation method, and hence it is smtable 
for the working of poorer ores and liquation residues, while the 
latter can only be adopted—and even then very rarely—when ore 
is rich, but coal and labour cheap 

(a) JRedviCtion vrt Eeverheratory Fwmaces ,—In the ordinary way, 
this process is simple and can easily be controlled, but there is a 
considerable loss of antimony, hence it is adopted when ores are 
noh and fuel is cheap The loss of metaJ amounts to at least 12 per 
cent., and sometimes, according to Helmhacker, to as much as 30 
or 40 per cent This kmd of furnace has been m use at Bouc, at 
Sept^mes, at Siena, and in New Brunswick. 

At Bouc and Sept^mes, the roasted ores are generally worked up 
together with oxide ores from Algiers, and with antimonial flue dust. 

The fumaoe-beds are egg-shaped, 7 feet 10 inches long, 5 feet 
3 mohes wide m the centre, and 3 feet 4 inches at the fire-bridge 
The fire^bndge is 1 foot 4 mches above the fire-bars and 1 foot 
below the roof. The bed is a deep and hollow one, built of fire-brick, 
and slopes from every part to a tap-hole through which the metal 
flows mto a tapping-pot placed below it The maximum height of 
the roof above the bed is 3 feet 3 mches The opening by which 
the charge is introduced is 1 foot 4 mches wide. The flue, about 
8 mches m diameter, generally leads mto condensmg chambers 400 
feet long, for the deposition of the antimonial vapour. At the ond 
of the system of condensing chambers is the mam chimney. 

Figs 46 and 47 show the type of reverberatory furnace used at 
Spet^mes, 
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Figs. 48, 49, 60, and 61 show another type of the same furnace 
The dust obtained from the condensing chambers oontams up to 
60 per cent of antimony The charge for this furnace consists of 
400 to 600 lbs of roasted ore, oxidised oies, and flue dust, 90 to 110 



lbs of a flux consisting of salt, smaller quantities of soda, and some¬ 
times a small quantity of Glauber salt, 66 to 76 lbs. of ground charcoal, 
and 220 to 330 lbs. of slag from previous charges, the slag containing 
principally common salt 

The furnace is first charged with the fluxes and is then fired , about 



an hour after their chargmg the hquefied fluxes will remain m a state 
of tranquil fusion. The other mgredients are then charged in 
portions of about 44 lbs at intervals of fifteen minutes, and are well 
stirred The scum produced after each charge is drawn off through 
the working door. The furnace is strongly fired aftei the last charge. 
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FlO 48 


Q n ta 



Fig 49.—Section 0 D. 





Fig, 60 —Section A 13 
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Altogether, the prooeas occupies from four to six hours. The combined 
action of the charcoal and soda is to separate the antimony from its 
oxygen and sulphur compounds, while the gangue is slagged by the 
soda, and the foreign metals, if present, are earned mto the slag as 
sulphides by the action of the sulphide of soda resulting from the 
reduction of the Glauber salt by the charcoal. The influence of the 
salt added is like that of the Glauber salt and soda, actmg as a flux 
and as a cover, and m addition carrymg the foreign metals present 
into the slag as chlondes. 

The fuel consumption is 5-6 cwts. per charge, and the loss amounts 
to 14 or 15 per cent. 

It must be borne in mind that the metal drawn off from the 
tapping-hole must be covered over with the slag durmg its coohng m 



the tapping-pot. When solid, the regulus is freed from its slag by 
hammenng. 

The following figures were obtained from the working of 830 
charges as practised at Siena:— 

868,838 Iba. of roasted ore. 

268,918 „ sea gelt. 

12,041 „ Bodaftsh. 

88,628 ,, Glaubei salt 

38,206 ,, slag from previous charges. 

^ 4,409 ,, iron slag. 

The antimony obtained weurhed 113,573 lbs 
In New Brunswick the i >duction aud the refining are carried out 
consecutively in the same operation The furnace dimensions are. 
diameter, 8 feet 6 inches, the depth in the centre is 1 foot 6 mchos , 
the beds are built of fire-clay and are concave, 



THE METALLURGY OF ANTIMONY. 


107 


The operation is thus:— 

Boasted ore charged at a time . . .6 owta. 

Cover of Glauber salt , , , 1 owt, 

Ooarse, hard wood-oharcoal, powdered . 82 lbs. 

Before the first oharge is made the bed of the furnace must be heated 
to redness. The oharge generally melts m about four hours, when it 
begms to effervesce, with the evolution of oarbomo oxide, which escapes 
through the layer of slag and bums. The oharge is rabbled until 
boihng ceases, when it is allowed to settle for half an hour. After 
this the oharge is allowed to cool by leaving the fire-door open. This is 
oontmued until the slag attams a low red heat and, bemg in a pasty 
condition, is drawn off. Eefinmg materials—27*5 lbs. of Glauber salt 
and 11 lbs. of wood-charcoal—are immediately added, and the furnace 
is strongly heated After an hour and a half, when boiling ceases, the 
metal and the slag are drawn off together into an iron mould Oare 
must be taken to leave at least half an inch of slag as a cover for the 
metal, thus preventing the possibility of the metal sohdifying before 
the mould is filled. As soon as the mgot becomes solidified, the slog— 
essentially a sulpho-salt of antimony mixed with sodium carbonate, 
containing about 15 per cent, of antimony—is removed and is agam 
smelted with one-fifth of its weight of iron for subsequent use. 

At one of the works m Hungary the refining is said to be com¬ 
bined with the reduction. In a reverberatory furnace 6 cwts of 
roasted ore are smelted with 10 per cent of small coal, together with 
3 to 6 per cent, of Glauber salt, for twenty hours, after the removal of 
the slags thus formed, 22 to 26 lbs. of slag from a previous refining 
of antimony are added. The ladling of the metal is commenced as 
soon as this is fused. 

Accordmg to M Herrenschmidt, the tnoxide produced by the 
volatihsation method can be reduced m the foUowmg way —^An 
ordinary reverberatory furnace furnished with condensing apparatus, 
as shown in fig. 62, is previously heated before the following charge 
IS commenced — 

10 parts of the tnoxide. 

6 parts of crude antimony. 

1 part of oarbon (oharooal or anthracite). 

After six hours the charge must be thoroughly rabbled, with the 
result that antimony metal is formed. 

The following proportions may be employed;— 

80 parts of tnoxide 

20 paits of sulphide (crude). 

12 to 16 parts of oarbon. 
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Fig. 52 
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The starling of the metal can be brought about bj using a purify¬ 
ing mixture of 6 parts of carbonate of soda and 4 parts of antimony 
tiToxide, which has previously been melted in a small chamber at one 
end of the reverberatory furnace. This nuxture should be poured 
out as soon as the metal is allowed to run into moulds 

(b) Reduction in Water-jacket or Blast Furnaces —At Bouo and 
Septfemes, oies contaimng 30 to 40 per cent of antimony were at 
firat roasted in reverberatory furnaces, and the roasted product was 
reduced m three tuyered shaft furnaces which were worked on the 
“ spur ” principle with covered “ eye.^^ Their dimensions were . height, 

10 feet 10 inches; depth, 2 feet 7 inches to 3 feet, width, 1 foot 

11 inches In twenty-four hours 2 to 2J tons of ore were worked, with 
the consumption of one-half the weight of ore of coke The crude 
metal produced contained 92 to 95 per cent of antimony, and was 
refined. 

Henng proposed to work the liquation products, with the com¬ 
position shown on previous page, m a circular shaft furnace of 
the following dimensions — 

Height, 19 feet 8 inches 

Diameter at the tuyeie level, 3 feet 4 inches 

Blast, 630 cubic feet per mmute, at a pressuie of 7 8 inches of water 

Residues melted, 7 tons 

Tap cinder added, 160 per cent. 

Limestone used, 40 per cent 
Gypsum or Glauber salt, 6 per cent 
Coke consumiition, 14 per cent. 

At BAnya, near Schlainmg, in Bohemia, antimony ores, consisting 
of sulphides and oxides, mixed with a considemble proportion of 
siliceous waste, are smelted in a blast furnace for cnide antimony, which 
18 then refined in a reverberatory furnace * 

The average percentage composition of the matenals charged into 
the blast furnace is given m the table on page 110 

The furnace has a round stack 6 m high, 1 4 m, in diameter at the 
throat, and 1 m at the hearth, which is provided with five water- 
tuyei es and three outlets for the molten product — an upper one for slag, 
and two at the bottom One of these has a shght nse for tapping, 
while the other, which is hoiizontal, is used for blov mg out the furnace. 

Blast, supplied by a screw-blower, gives 16 cb,m per minute at 
30 cm water-pressure The gases are collected by a tube leadmg 
from the side of the furnace a short distance below the throat The 

* This 18 taken fiom Beiq u hiltt Ztg , 1886, p. 102, as translated hy 
BauciTnaii in his Elements of McttdluTgy, p 494 
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furnace is kept continuously m blast for three weeks, and smelts 
about 19 tons of material daily 


Dressed Ores. 

Liquation 

R^idues 

' 


Oxidised 

Flue 

RefiniDg 

Ores. 



Dust 

Slag. 

Raw Oaloined. 

Raw 

Oaloined 



Sb 48 8 48*9 46*4 

21 4 

28*1 

66*1 

26 7 

Fe 14*4 

12 0 




S 26*8 0*7 8*6 

16*1 

24 



FegOa . 28*4 12 4 

SiOa 11 7 28 8 26*6 


17*3 

6 9 


41 6 

49*2 

10*8 

5 9 

AloOs 0 8 4 0 

05 

2 4 



OaOOa 8 8 .. 7*0 

4 0 


• • • 


OaO . 1*0 

SbjSg • 

FeS 

4 0 

0*7 


‘2*4 

V . • 

•• 


6*0 

63*4 

9*0 

The smelting mixtures are of two kmds : 

— 

Elios 

B. 




A 


Oaloined dressed ores 

, 

. 660 

600 


Oaloined liqnation-residnes 


. 760 

600 


Ores balled with lime 


200 



Flue dust balled with luno 

Raw ore . 

• 

100 

100 


Oxidised ore . 

, 

, . 

100 


Raw hquation-iesiduee . 


, 

100 


Limestone 

. 

600 

800 


Foul fumaoe-8lag8 . 

. 

. 400 

400 


Refining slagB 

. 

1 . ... 

200 


Grade Sb, Metal No. III. 



100 


The most favourable result is obtamed 

when these mixtures are 


used alternately, two charges of A being followed by one of B. 

Lime, about 10 per cent., is used to ball up part of the washed ore 
to a compact mass, and 7 per cent, lime is used for the same purpose 
for the flue dust. This is only necessary at the beginning, for it 
IS found that after eight days’ blowing these stuffs can be charged as 
powders without interfering with the workmg of the furnace. 

The products are unrefined metalho antimony, slag, and fine dust. 


The antimony is divided mto three classes:— 

1. II. 

III. 

Sb . 

. 00 02 78*80 

65 04 

Fe 

. 6*28 16*66 

23*80 

S . 

. 2 85 8*42 

10 46 
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The first two are sent to be refined, and the last is taken baok to 
the blast furnace 

The relative proportions of the total production of the furnace:— 

No. I. 18 .82 5 

,, II is . . ..90’ 

,, III. IS .... 8*6 

The slags vary m composition.— 


SiOj 

• 




I. 

. 46 9 

II. 

46 9 

CaO 

1 

, 

, 

, 

. 84'6 

81*4 

FeO 


, , 

, 

, 

. 16 1 

19’9 

Sb . 


, 

, 

, 

. 0*6 

0*9 


No I is obtained from mixture A, and No. II. from mixture B. 

Calcination is effected m a reverberatory furnace Length, 8 m., 
breadth, 2 m. Five working doors on each side Heated with brown 
coal upon a step-grate furnace The production is 1200 kilos, per day. 

The ore, charged m 200-kilo. lots, clots and softens, giving off a 
large quantity of sulphurous acid as soon as it attains red heat, but 
subsequently becomes dry and m the state of powder The average 
time for a charge to remain m the furnace is twenty hours 

The refinmg of the metal is conducted in a reverberatory furnace, 
with an iron bed 4 m long by 2 6 m broad, covered with a layer of 
fire-clay 0*28 m. thick. Brown coal is used upon an ordinary grate. 
The furnace is provided with working doors on one side find tapping- 
hole at the end of the bed The gases evolved are used to warm the 
moulds before they are used. The charge is as foUows:— 

460 kilos. No. I (coarsely broken). 

60 ,, ,, II. (id powder). 

42 ,, sulphate of soda. 

6 ,, ohai'ooal dust. 

160 „ unroasted ore 

Operation lasts ten hours , and a final slag is obtained by the addi¬ 
tion of 3'40 kilos of carbonate of potash, 2 60 kilos, of carbonate of 
soda, 1 kilo of raw and 6 kilos calcined crude regulus (liquated 
sulphide of antimony), 12 kilos, of the same slag from previous opera¬ 
tions. The impurities of refined antimony arc — 


Ab .0 8S0 per cent. 

Fe. 0 062 „ 

Ag . . . 0*006 „ 

8 . 0 720 „ 


According to Herrenschmidt, the following process is possible with 
the use of a water-jacket furnace. 
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Balls, about the size of an egg, are made of the following 
composition — 

The tpionde , . , .82 per cent. 

Carbon (anthracite or powdered cliarooal) , 12 ,, 

Carbonate of soda 6 to 7 ,, 

These baUs are charged into the furnace with 6 to 20 per cent 
coke. The loss of oxide is about 33 per cent, which can be recovered 
from the condensing chambers, as shown in fig 46 

The metal thus obtained has to be remelted, either in a crucible 
or in a reverberatory furnace, for the purpose of “ starring ” 

(c) Reduction in Grucihlee —This method, on account of its high 
cost, is only adopted when the ores are nch oi when crude antimony 
or the volatile oxide is available The use of crucibles and pot 
furnaces precludes the possibility of working large quantities 

The roasted ore is fused with 10 per cent of its weight of crude 
argol, or with charcoal or anthracite and potash or soda, in crucibles 
made of fire-clay, heated in a wind furnace or in a galley furnace 
The mould in which the melted metal is cast must be coated with 
tallow or with a thin layer of fire-clay cream 

Acoordmg to Knab, we have the following — 

One oraoible oontaina 26*6 lbs. of roasted oie, with 10 per cent, of ohamoal 
and 7*16 per cent of salt or soda. 

Pots are arranged 10 or 12 in each funiaco. 

Each pot tarns out 4 or 5 charges m 24 horn's 
Oonaumption of cool, 70 to 80 per cent, of weight of ore 
Life of each pot, 7 or 8 charges 

A new process* ]ust discovered by Herrensohniidt consists of 
melting, m a crucible, balls of the following composition — 

Antimony oxide 
Powdered anthracite 
Carbonate of soda. 

Water 

The decided advantage of this process is that the “stairing” of 
the metal can be effected m a single operation. 

The furnace used is shown in fig 63 

2 Extraction of Metallic Antimony from Antimonium Crudmn 
—This method ^ only applicable to nch ores and onide antimony 
The following process to be described involves the use of rich oie, if 
crude antimony is under consideration, the composition of the charge 

* The author is under obligation not to give the details until the patent la 
taken. 
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should be adjusted accordingly. The fundamental principle involved 
in this method is that, when iron is added, the sulphur of the stibmte 
ore has more affinity for the iron, and consequently iron sulphide as 
formed, even at a comparatively low temperature, the antimony being 
separate^d out m the metallic state, Owmg to the high specific gravity 
of the iron sulphide, it is difficult to completely separate it from the 
metallic antimony, and, for this reason, sodium sulphate and carbon 
are added in order to produce sodium sulphide, which, combining 
with the iron sulphide, forms a fusible slag of low specific gravity. 




Fm. 68. 

In England, instead of sodium sulphate and carbon, common salt is 
used As a rule, iron, m the form of turnings, shavings, or tin-plate 
cuttings, IS used. The proportion of iron used must not be m any 
way too high, as, if sulphides of lead and arsenic are present m the 
ores, they will then be reduced by the excess of iron, and enter into 
the antimony as impunties 

In most cases the theoretical proportion of iron required to 
desulphurise the antimony sulphide is nob sufficient, because, when 
sodium sulphate and carbon are used, part of the iron is used in 
decomposing the sodium sulphate Accoiding to Karsten, it has 
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been found by experiment that, with 10 per cent of Glauber salt 
and 2 to 3 per cent of coal, 44 per oent. of iron is required, 
whereas Liebig states that 42 per oent. is sufficient, while Henng 
uses only 40 per cent. The following proportions are given by 
Berthier .—Antimony sulphide, 100, forge scale, 60, soda, 46 to 60, 
coal dust, 10. Iron separates out as FeS, or as FogS.^ according to 
Sohweder 

In England, where the ores used are free from the mipurities of lead 
and arsenic, iron is generally used in excess, part being afterwards 
eliminated by a subsequent fusion with more sulphide of antimony 

The loss of antimony occasioned durmg the process is due to 
volatihsation and slogging 64 per oent. is the yield, as given by 
Karsten, when crucibles are used; but Berthier gives 66 to 67 per 
cent , whereas, theoretically, the yield should be 71 6 per cent. 

This process is generally earned out m crucible furnaces, as adopted 
m England, Hungary, and other places j but shaft furnaces have been 
used experimentally; reverberatory furnaces are sometimes used, in 
spite of the great loss of antimony. 

The English process * of smelting is as follows •— 

The ores for smelting must be free from lead and arsenic The 
ore IS groimd under edge inmners and passed through a coarse screen, 
the largest to pass through bemg the size of a hazel-nut. After grind- 
mg, a sample is taken to be assayed for the amount of iron The pro¬ 
cess consists m reducing the sulphide by metallic iron in crucibles m 
a long reverberatory furnace The dimensions of the furnace are . 54 
feet long, including the fiieplaces, 7 feet 4 inches broad (mside size), 
covered by a low arch which springs almost from the surface of the 
ground, the bed itself being below the ground level. It is heated by 
a fireplace at each end, communicating into a common flue m the 
middle of the floor of the furnace. The cmoiblea are loweied mto 
their places through circular holes (14 mches m diameter) in the arch 
Theie are forty-two holes, twenty-one on each side There are two 
4-mch holes in the furnace roof at each end of the bed, used for the 
removal of clinkers, etc. The sides and roof of the furnace aie oovoied 
with cast-iron plates The pair of crucibles nearest the fireplaces at 
each end is kept for “starnng” or refining the crude metal. The 
charge for each crucible is 42 lbs of ground ore, contaming about 50 
per cent of antimony, 16 lbs of iron, 4 lbs of common salt, and 1 lb 
of skimmmgs from the next opeiation, or else the same weight of 
impuie slag from a previous molting The iron usually consists of 

* Taken from “ AnLimoiiy, ” by Professor Kemp, Tht Mintidl iTuiuatry^ 1892, 
p. 23 
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13 lbs. of wrought iron, but not cast non. Tinned scrap is preferred, 
and, if it IS used, it is beaten up into a round ball, large enough to fit 
the top of the onioible The remaining iron is in the form of tuinmgs 
or bonngs, mixed with the ore together with the salt The mixture is 
dropped into the crucible through a funnel ^ the furnace hole is then 
closed for about half an hour, when the crucible is again exammed 
The salt used assists the separation of the slag, and tends to promote 
the fusion of the siliceous matters of the ore. On an average four 
meltmga can be made in each crucible per twelve hours ; the richer 
the ore is, the shorter is the time required. 

The crucibles used are generally 20 mches high and 11 inches 
outside across the mouth They are made of a mixture of good fire¬ 
clay and plumbago, which latter must be free from iron. The clay 
used has the following compositions.— 



Stourbridge. 

Hexham 

Water, HjO 

7*00 

7 44 

Silica, SiOa 

69*00 

59 05 

Alumina, AlgOj) 

22 00 

26 61 

Protoxide of iron, ioO 

1 60 

2*20 

Lime, OaO 

0*49 

0 88 

Magnesia, MgO 

0 54 

0 76 

Potash, KgO 

0 41 

1 97 

Soda, NagO 

0*18 

0 28 

Titanio ooid, TiO® 

101*12 

1*68 

99 71 


On the whole, the Stouibridge quality is the better of the two 

The crucible, when dry, weighs 42 lbs., of which 35J lbs. are dry 
clay, and the remaining 6 J lbs. plumbago 

The mould, conical in shape, with a f-inch circular hole at the 
bottom, is placed opposite to each crucible. The metal thus obtained 
IS known as “singles,” and contains 91*63 per cent, antimony, 7 23 
per cent, iron, 0*82 per cent, sulphur, and 0*32 per cent, insoluble 
matter. 

The next operation is to purify the “ singles ” with a small quantity 
of liquated sulphide of antimony The charge for this second process 
is 84 lbs. of singles broken small, 7 to 8 lbs, of liquated sulphide of 
antimony, and 4 lbs of salt The fusion is closely watched, and 
great care must be taken that the metal and the sulphide mix 
together thoroughly The fused mass is stiired now and then 
with an iron rod, the time required for a charge being about 
hours When fusion is complete, the slag and matte are ladled ofiF 
with an iron spoon, and the contents of the crucible poured into the 
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moulds used m the previous fusion; the matte and skimmings are 
added to subsequent smeltings of ore. 

The metal thus obtained is known as “ star bowls,” and contams 
99‘63 per cent antimony, 0*18 per cent iron, 0*16 per cent, 
sulphur. The presence of sulphur, due to the excess of sulphide 
used, is indicated by the crystalline pattern being covered 
over with small glistenmg patches; this appearance is known 
as “flouring.” 

In order to remove this sulphur another fusion is necessary. The 
custom of the trade is to sell antimony as “ starred ” or crystallised 
on the upper surface, and therefore it is necessary to obtain this star 
on the surface. These two results are achieved by melting the metal 
with a peculiar flux known as the “ antimony flux,” a substance not 
easily prepared, and one which is often diflScult to obtam at first, but 
once obtained, its subsequent production is easy. The process of 
making this flux is a rule-of-thumb one, and is corned out thus *— 
Three parts of ordinary Amenoan potash are melted in a crucible, 
and two parts of ground liquated sulphide of antimony are mixed in. 
When the mixture is complete and the fusion has become quiet, the 
mass IS poured out and tned on a small scale in order to find out 
whether it yields a good “star”; if it does, the ingot of metal 
obtamed is broken and the metal then examined, in order to judge 
whether it is free from sulphur. But if not, the flux is remelted 
and more of one ingredient or the other is added, as experience 
dictates 

The consumption of coal per week is 22 tons, or 1J tons per shift 
of twelve hours About eleven crucibles are used per ton of antimony 
produced. The loss amounts to 10 per cent, due to volatilisation 
The yield of such furnace, for ore oontaming 62 per cent, antimony, 
is 14^ tons per week. 

The fume given off is collected in condensing chambers. It is 
whitish in colour, heavy and crystallme, appearing hke arsenic, and 
contains 70 to 72J per cent, of metallic antimony. 

The smelting of this fume is thus earned out.—A teat experiment 
is made m order to asoertam the amount of carbon, m the form of 
' coke or anthracite, necessary to reduce all the antimony present m 
the fume- This havmg been found, the fume is mixed by grmding 
it under edge runners with the proper quantity of carbonaceous 
mattey; a few pounds of the mixture so produced are added to each 
charge of ore and iron required in smeltmg for smgles As the 
gases given off m the process are apt to cause the mixture m the 
pots to overflow, the “boiling ore” is looked upon with disfavour 
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by the workmen The flues generally require oleaning four times 
a year 

In the process described above, the first operation of smelting the 
ore with iron is called “ siTigli/ng^'^ the second operation, or resmeltmg 
the singles for the production of the bowl metal, is called doubling 
and the last operation is called refining^* or “frenchmg ” 

Oh an average, one man can smelt 10 to 11 cwts. of ore in twelve 
hours. It has been observed that a small quantity of the oxide 
mixed with the sulphide improves the appearance of the metal 

The following table shows the number of men required to work a 
furnace •— 


1 

Per Side of 

For the Whole 

Per 


the Furnace 

Furnace per 

Day of 


pel Shift, 

Shift, 

24 


12 Hours 

12 Hours. 

Hours. 

Firemen .... 

1 


4 

Fumaoemen 

4 

2 

16 

Refiners 


4 

Metal-breakers 


2 

4 

Ohaige mixer . . 

Workers on day-shift only, viz \ j 


1 

2 

one smith, ouo boiler and engmo- V 
man, and three labourers J 


Total 

1 

5 

86 


At Magurka, in Hungary, the precipitation method was formerly 
in use; pot furnaces and graphite crucibles were employed. The 
charges consisted of 20 to 22 lbs. of antimony sulphide, with iron, 
potash, and pan scale (from salt-works) There were only two 
operations in the process 

At Linz and Schleiz m Germany, and at Alais in France, reverbera¬ 
tory furnaces are still in use. There is a great loss due to volatihsation 
m these furnaces, and hence oondensmg flues are connected with 
the furnaces for the collecting of the metalhc fume The bed must 
also be tight enough to prevent any loss due to leakage. 

According to M Herrensohmidt, it is better to cover the bed of 
the reverberatory furnace with a thin layer of regulus in order to 
prevent the corrosion of the scoria 

3. Direct Processes, i e Extraction of Metallic Antimony direct 
from the Ore — (a) Bath FurTiacea —T C Sanderson has patented * a 
process for the smelting of antimony sulphide in a bath of ferrous 

* United States patent No 714,040, Nov 18, 1902, 
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sulphide on the heaxth of a reverberatoiy furnace After the hoi 
ore has been charged and thoroughly rabbled, iron is added, the 
tempei'ature of the furnace raised, and, when the decomposition is 
complete, the antimony tapped, the tap-hole is closed as soon as the 
iron sulphide appears. Slag is drawn through the working doors 
and the increase of iron sulphide obtamed durmg the operation if 
removed until the bath is reduced to its ongmal depth. This metho(3 
IS said to have given good results, and has been in sucoessfu 
operation for more than a year 

Cookson patented* in 1902 a process very similar to that oi 
Sanderson. In fact, Cookson’s and Sanderson’s patents are copies o1 
a similar patent by Herrenschmidt (No 296,200, Jan. 16, 1900 
France), shown m fig. 64 

(b) Water-jacket or Blast Furnaces —^Bering has exporimentec 
with shaft furnaces for the treatment of liquation residues by thf 
precipitation method 'Although his experiments have not beei 
contmued, yet good results might be obtamed if rich ores wen 
treated 

According to Herrenschmidt, noh oie can be treated directly in i 
water-jacketed furnace Temperature = 1000” to 1100” C Air 
bloats 10 0 . of mercury. About 12 to 14 per cent of antimony 
can be recovered from the condensing chambers Coke used = abom 
300 kgs. per ton 

(c) Oonverters ,—According to Germot,t sulphide ore can be smoltec 
m a converter into which air is blown The air burns part of th( 
sulphur of the ore, with the production of sulphurous acid and th< 
metal itself. The operation is made continuous by the addition o 
more ore The sulphurous acid pioduoed escapes through a pipe a 
the upper part of the converter, together with the antimony sulphid« 
fumes If a current of oir is made to act on these fumes, oiysulphid« 
or antimony oxide will be produced, according to the amount of ai 
admitted 

The products of the extraction of crude antimony I ore imrofinec 
antimony and slags The former contains many foreign elements, a 
shown m the analyses given m the table on p 120. 

This impure antimony has to be refined The slags obtamed fron 

* French patent No 824,864, Sept 80, 1902, 

t A. Germot, Revue dea Froduits Chimiques^ Dec. 16, 1907 Sunilai to Hoiron 
Bohmidt’s Fi’onch patent No 383,340, Jiuie 24, 1903 

t The term “ cmde aiitunony,” mearnig the uniofined nirtul, must be dit 
inguiehed fiom the teim " antinuny cinde, ’ ^hifli mcaiiB tlie liquated autimon 
sulphide 
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the extraction by the roELstmg and reduction method consist prmoi- 
pally of silicates, while those obtained by the precipitation method are 



silicates and sulphides They are thvo\Mi away if tliey aie not suffi- 
oiently ricli to be used iii tho fiist smelting of the ores. 
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The by-producta produced in all these processes are liquation 
residues, matte, slags, refinery slags, and flue dust They are added 
to the charges m smelting the ore, if they are sufifioiently nch; 
the liquation dross, however, is subjected to a prehmmaiy roastmg, 
and the flue dust is mtimately mixed with lime, before smelting. 
Liquation residues are also sometimes treated separately m shaft 
furnaces, 


Method of extraction 

Furnaoe used 
Analyst 


1 2 . 

Piecnjitatioii 

Reverberatory 

Holmhaoker, 


3 4. 

By leduotion of 
oxidised ores. 
Shaft furnace. 


5. 

From Fahl-ore- 
spiess desilvensed 
by amalgamation 
m the Stephan 
Works. 


Sb 

94 5 

84 0 

97 2 

96-0 

90*77 

S 

' 2 0 

6 0 

0 2 

0 76 

2*0 

Fe 

3 0 

10 0 

2 5 

4 0 


Oo 

Nx 

• 



} 

1 50 

Gu 

, , 




6*78 

As 

0 25 

1 0 

0 1 

b'26 

• • 1 

Au . 

. • , ti'aces 

. 

... 




4 Other Processes —(a) At the Stephan Works, m Upper Hungary, 
antimony is extracted from the spiess, which has been desilvensed 
by amalgamation The spiess is obtained fiom the smeltiug of fahl- 
ores The antimony is extracted by using pyntic ores m a shaft 
furnace The copper is thereby converted into sulphide by the 
sulphur of the pyntes, and the impure antimony obtamed is rofined. 

(P) Pelatan* smelts the following mixture m a reverberatory 
furnace :— 


Oxide of antimony . , 58 

Sulphide of antimony . , 40 

Goal . . ’ . . 7 


100 

It IS only necessary to liquate the rich sulphide ore and to oxidise 
the poor sulphide ore m oidei to obtain the sulphide and the oxide 
required for the pioduotion of the metal Eefining can be effected 
with on alkahne flux. 

(y) Basse patented f in 1907 the following process The advantages 
of this process are — 

* French patent No. 210,331, Dec. 19, 1890. 
t French patent No. 375,872, Maioh 19, 1907, 
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(a) The suppreBSion of any loss due to charging and to the 
activity of reaction. 

(5) The protection of the bed and the wall of the furnace. 

(c) The elimination of a great proportion of dirt and residues. 

(dt) An increased yield of metal. 

The substances are mixed m the proper proportions, moulded into 
briquettes of a oonvement size, dried, and charged into a reverberatory 
furnace for the production of the metal 

The ingredients forming the briquettes are mixed in the following 
proportions by weight:— 


(a) Oxide of antimony, powdered 

100 

Chaiooal, powdered 

16 

Dned carbonate of soda, powdered 

. . 2 

Lime, powdered 

2 

Water . 

16 

(6) Sulphide of antimony, powdered . 

100 

Iron filings or shavinga 

10 

Oharooal, powdered 

20 

Dried oarbonute of soda, powdered 

2 

Lime, powdered 

2 

Water . 

16 

(o) Sulphide of antimony, powdered, or oxide of anti- 

mony, powdered 

86 

Antimoiiato of oxido of antimony 

60 

Iron filings oi shavings . 

8 

Charcoal 

20 

Carbonate of soda. 

8 

Lime, powdered 

2 

Water 

16 

(8) The process * for the extraction of gold from antimony ore, as 

patented by M Herrenschmidt, is as follows — 

- 

This process is based upon the principle 

that, when antimony 

sulphide and the metal itself are molted 

together, the gold 

contained in the sulphide passes into the 

metal. The direct 

use of the metal can be dispensed with by, for instance, meltmg 
antimony sulphide and antimony oxide together with coal. The 
metallic antimony formed m this reaction extracts the gold from 

the sulphide 


A mixture is mode of the antimony ore or of antimony crude 

with the metal or its oxido, m such proportion 

as will yield one-tenth 


of the metal in the ore as charged into a reverberatoiy furnace, a 
rotatory furnace, or a crucible The auriferous antimony thus 

* French patent No 860,013, June 2r3, 1004, 
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obtained can be treated with bisulphide of sodium or bisulphide of 
oaloium j or it can be melted m a oruoible with sufficient sulphur to 
convert nme-tenths of the metal mto sulphide, while the remammg 
one-tenth contains all the gold. This alloy of antimony and gold 
can be treated with nitric acid so as to extract all the gold. 


II Extbaotion by Wet Methods. 

There have been many wet processes proposed for treating poor 
ores or hquation residues, but none have been practicable on a large 
scale. 

Haremann has devised a process of extracting antimony from 
antimonial lead ores by roasting the crushed ore with aJkalme 
carbonate and carbon. The result is a double sulphide of alkali 
and antimony, which, on being lixiviated, yields the precious 
metal and lead. The antimony is precipitated as a sulphide 
by the addition of an acid, preferably sulphuric acid, with the 
formation of an alkahne sulphate which can be recovered for 
future use 

Kr W Edwards proposes to treat gold- and silver-beaimg antimony 
ores by lixiviation with a 7 per cent solution of calcium sulphide, 
preferably cold, m large vats provided with stirrmg apparatus 
The resultmg reaction is that the antimony is dissolved as 
sulphide, while the gold is left behind with the residues The 
gold thus obtained can be recovered by any of the ordinary 
methods. The solution obtained above is then drawn off and 
is treated with carbonic acid obtained by burning lime The 
calcium is precipitated, as carbonate, by the carbonic acid, and 
is filtered off. Upon the further treatment of the solution by 
carbonic acid, the antimony sulphide is finally precipitated. The 
hydrogen sulphide evolved during the reaction may be used tc 
regenerate calcium sulphide solution by bubblmg it through milk 
of hme. 

Aooordmg to Hargreaves, finely powdered ore can be treated witb 
hot hydrochloric acid. Lime is used to neutralise the solution, whicl 
is then to be treated with zinc or iron for precipitation of the. 
antimony The precipitated metal is to be washed successively witl 
antimony chloride solution, hydroohlono acid, and water, and thei 
fused with potash m crucibles. 

Smith’s method is similar to the one just described 

Hering also proposes to treat liquation rosiduos by hydrocbloru 
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acid. The chlonde thus formed m solution is treated with water, 
which precipitates it as basic chloride, the chloride solution may be 
precipitated by hydrogen sulphide 

Rud Koepp <Sz Co patented a process to use feme chloride as a 
solvent. 

+SbgSg=dFsOlg + 2ShOl3+S3i 

This reaction goes on better m the presence of hydrochloric acid or 
haloid salts 

MaoArthur^s process is as follows.—The ore is ground small enough 
to pass through 20'mesh, and is treated with a solution of sodium 
hydroxide of not more than 2 per cent, strength, at a temperature 
of 100“ 0 The filtered solution is precipitated by carbon dioxide 
obtained fiom a hme-kiln The antimony precipitate obtained is in 
the form of a red amorphous sulphide, which is collected in a filter- 
press, while the filtrate, contaimng sodium carbonate, is oaustioised 
by lime from the kiln, ready for further use. The process is there¬ 
fore continuous. 

Silver-bearing antimonial fahl-ores free from hme can be heated 
with Glauber salt and coal m order to convert the antimony mto 
the double sulphide of sodium and antimony. Sulphur dioxide may 
then be used to decompose the leached salt, with the formation of 
antimony sulphide and sodium thiosulphate, the former of which 
can be treated for antimony m the ordinary manner Any silver 
or copper m the ore would be left behind in the residues from the 
leaching process 

Of all the wet processes that have been pioposed to treat antimony 
ore, especially ore oontammg gold, that of M Herrensohmidt seems 
superior to all others for practical apphoation on a large scale The 
following IS a description of this process * .— 

{a) Gonoentration —The nuneral, ground either m crushing or in 
ball mills, is allowed to pass through sieves, the dimension of whose 
mesh can only be determmed by successive tnals With an endless 
belt concentrator, the following products are obtained — 

The concentrates^ to be de-antimoniaed. 

The Qrnxed matenah^ to be passed back to the concentrator 

The taihngs^ to be iejected. 

The concentrates consist principally of iron pyrite, mispickel, and 
stibnite, as well os all the gold contained in the ore 

* Happort de MM Pelatan ct Litat, Ingdniewrs cimla dcs Mincs^ sur h traitmricTit 
des mincrms auro-fmtimomeus' par le procidd de M JSciTeiiRchmidt Pans, 
1904 (pamplilet) 
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The following analyses refer to material from the mme La Lucette, 
the quantities are those yielded per ton — 


Waste ground by 


Oonoeutrates 
from Waste 


Oruslung Ball Sample Sample 

Mill. Mill. I II 


Mixed m 1 
MatemlB. 


Antimony, kilos . 10’9 9*6 114 1 97 6 14*0 6 1 

Gold, grammes , 6 6 34 214 1 traces 


(5) The Treatment of the GoncenPrates —They are Imviated in 
agitators with a solution of sodium sulphide The sulphide of 
antimony is dissolved as double sulphide of antimony and sodium, 
and the gold is left in the residues. 

The hquor thus obtained is heated with the sulphurous acid coming 
direct from the roastmg of pyntic ores or of the sulphide of antimony, 
obtained m the same process from a previous treatment. The antimony 
sulphide thus precipitated has a red colour The gold residue can be 
treated in a reverberatory furnace m the presence of litharge. The 
gold can be extracted by oupellation or by oxidation with nitrate of soda 
The process is profitable with an ore oontaimng.— 

Antimony, 4 per cent., or 40 kilos per ton. 

. Gold, 12 grms. per ton 

The profit is 21 frs per ton, after subtracting the expenses One 
ton of ore may cost only 6 frs. This result has been obtained at 
Genest (Mayenne), France 

Lyte proposes to roast antimony-bearmg lead, silver, and copper 
ores m the presence of chlorides, to condense the antimony vapour 
m a solution of salt, and to precipitate the metal by iron or zinc. 
This process requires oomphcated condensing apparatus 
The Utah Antimony Company, of Garfield Co, Utah, has been able 
to obtain a concentrate contammg 66 per cent, antimony from ore 
oontaimng only 11 per cent, of that metal. The mill is capable of 
produomg 10 tons of concentrate per day 


in Extraction by Eleotrolytio Methods * 

It has been proposed to treat poor sulphide antimony ores, and the 
residue from the hquation of richer ores, with solutions of alkali- 

* Electric STneUmg and Refining of Dr W Borchers, ti-anslated b) W G 
MoMillan, pp 476-487 , London, C. GnflSn & Co,, 1904. 
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metal and alkaliue-earth metal sulphides. The resulting, reaction is 
the production of a solution of soluble thio-antimonates, NagSbS 4 
or Cag(SbS 4 ) 2 , and thio-antimonites, NagSbSg or Ca. 8 (®^^ 8 ) 2 * These 
solutions can be electrolysed mth the greatest ease. 

The results of the experiments made by Borchers in 1886 prove 
that antimony was deposited in equal quantity both from the thio- 
antimoniate and thio-antimomte If a sodium thio-antimonate 
solution be used, it is only necessary to add either sodium sulphide 
or sodium hydroxide, in such quantity that there is at least one 
atom of sodium for every atom of sulphur, in order to prevent the 
separation of sulphur at the anode In other words, the action takes 
place best when three molecules of sodium sulphide (NagS) are present 
for each molecule of antimony sulphide (SbgSg). 

The relative distnbution of the elements before and after the 
experiment is shown in the foUowmg table — 



Antimony. 

Sodium 

Sulphui. 

Oxygen. 

Before eleotiolyaia— 

Egims 

Kgruiu 

Kgima 

Kgnn 

In fonn of salts, etc. . 

Afrer eleotiolyaia— 

In metalho form . 

In solution— 

2 440 

2*487 

1 840 

2 600 

0 020 

2 410 kgrm NaSH . 

... 

0 990 

"l 877 


1 202 „ NaaSa 

,, 

0-f.03 

0-699 


1*491 „ NsaSaOs + SHaO 

•• 

0 276 

0*884 

0 288 


2-437 

1*768 

2-460 

0*288 


The loss of antimony (3 grms) is so small that the precipitation 
may be considered as practically quantitative The loss of sodium 
and sulphur is due to the fact that the solution olmging to the 
antimony after the powder had been removed was not added to the 
rest of the liqmd. 

The experiments, as carried out by Borchers, also show a peculiar 
fact, that with the same expenditure of current the same quantity of 
antimony is deposited, whether it exists m the solution as the 
tnvalent or as the pentavalent antimony. 

Practical Worhing of the Electrolytic Process —The sodium sulphide 
solution in the conical iron vessels (figs 66-58, a) is treated and 
agitated by means of steam introduced through the steam-pipe h As 
soon as the solution is boilmg, the finely divided ore is sprinkled mto 
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it The presence of sodium hydrosulphide or of poly sulphides is not 
objectionable so long as the proper proportion of sulphur to sodium is 
kept (by the addition of soda) ^ that is, every atom of oxidisable sulphur 
must be accompanied by an atom of sodium capable of neutralisation. 

Antimony glance is best suited for the treatment. For each 
molecule of antimony tnsulphide there should be present m the 
solution three molecules of sodium sulphide; and after the extraction 
IS complete the concentration should not exceed 12“ Baum6 (or 9“ to 
10“, if hot) To the electrolyte should be added 3 per cent of 
common salt, which not only assists the clearing of the solution by 
the separation of dissolved sulphide of iron, but also reduces the 
eleotncal resistance of the solution. 

After the ore has been added the whole mass is stirred thoroughly 



Fig. 67 


by a current of injected steam for an hour or longer Air is admitted 
from time to time through c on the steam-pipe 6. 

After two or three hours, when the mass has been sufficiently 
heated and stirred, and the msoluble portion of the charge has 
settled, the clear solution is drawn off, /, mto the leaching vessel, 
from which it is pumped through the pipe 6 and the channel ^ to the 
reservoir & The bell-shaped siphon arrangement, d, is used to 
ensure that only the clear liquor is drawn off From the reservoir, 
the hquor is allowed to flow through successive electrolyte tanks, I; 
finally, after being exhausted of its antimony, it flows through the 
channel m into the tank n, from which it may be raised for further 
circulation, or may bo pumped to another part of the works for the 
recovery of the thiosulphate, sulphur, or sodium chloride 

The residues from the first extraction are treated with fresh 
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Bodium sulphide solution and then boiled repeatedly with water; 
they are then allowed to pass through o into the filter p, where 
they are washed again with hot water The wash-waters collected 
in the holder q are used again for washing other residues Such a 
plant can extract 6 to 8 owts. of antimony from its ores containing 
less than 10 per cent, of the metal in twelve hours 

Figs, 67 and 68 show the arrangement of the electrolytic baths on 
a large scale. A are the anodes, K the cathodes, which are hung m 
iron baths. The cathodes are of sheet-iron and bolted on to the 
rails T, and rest directly upon the run of the baths, so that the 
baths also serve as cathodes The anodes are plates of lead suspended 



Fig 58. 


from iron rails, resting upon the positive leads, which are isolated by 
resting on the wooden bars J The electrolyte is fed thiough the 
three-way cook D under the bath, since it becomes less dense as the 
antimony is removed. The outlet is through G by means of the 
rubber pipes S mto the next bath. In order to effect an even distribu¬ 
tion of the moommg electrolyte, a plate, V, is riveted upon and along 
the bottom of the bath, over this plate is another one, U, which 
IS so attached that there is a little space between the two, the two 
thus forming a channel. 

With concentrated solutions electrolysis may be commenced with 
a current of 100 to 160 amperes per square metre (0 064 to 0 1 
ampere per square inch), which may gradually be i educed to 40 or 46 
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fl-mperes (0 026 to 0 03 ampere per square inch) The necessary 
E M F IS about 2 volts per bath 

The metal thus obtained is in the pulvemlent form or in lustious 
scales, according to the density of the current used 

Koepp’s method is to treat antimony sulphide with ferric chloride, 
thus.— 

6FeClg + SbjjSj) ~ eFoClg "b 2Sb01g "f" Sgi 

The solution is electrolysed at a temperature of 60* 0 between 
lead plates. Antimony is deposited upon the cathode and feme 
chloride upon the anode. The current used is 3'7 amperes per 
square foot. The use of chlorides as electrolytes precludes the possi¬ 
bility of the process becoming practical. 

Siemens and HaJske use as solvent either the sulphides, hydro- 
sulphides, or polysulphides of the alkahs When the finely ground 
ore IS thus lixiviated, a double salt is formed, e.g with NaHS :— 

SbjSa + 6NaHS=SbaSj. SNogS + BHaS. 

The hquor is then led mto the cathode division of a bath The 
bath IS divided up by diaphragms into senes of anodes and cathodes, 
the former are made of carbon or platinum, and are closed and made 
gas-tight; the latter are made of copper or antimony plates. The 
reaction at the cathode end is as follows — 

ShflSa* SNftgS + 6H = 2Sb + 6NaSS« 

In this way, not only is metallic antimony obtamed, but also the 
NaHS solution is regenerated and used to dissolve more of the sulphide 

Another process by Siemens is to electrolyse a solution of the 
double salt formed by treatmg antimony sulphide with sulph-hydrate 
of calcium, banum, strontium, or magnesium Without the use 
of diaphragms, the hydrogen liberated at the cathode end combines 
with the sulphur of antimony sulphide, and the antimony is deposited, 
while at the same moment the sulph-hydrates of other metals are 
formed, to be in turn converted into disulphides by the oxygen 
developed in the reaction 

These disulphides are tieated with carbon dioxide, obtained by 
heating a mixture of the carbonates and sulphur, the result being 
the formation of the carbonates of calcium, banum, stiontium, 
and magnesium, sulphur and hydrogen sulphide These, with 
the exception of the hydrogen sulphide evolved, are heated m 
the absence of air, when carbon dioxide and the caustic alkaline 
eai'ths are formed The carbon dioxide is used to decompose di¬ 
sulphide solutions, and the basic oxides are treated with the hydrogen 

9 
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evolved in the above reaction, m order to produce fresh quantities c 
the aulph-hydrate solution 

Izart desonbea a process for the extraction of antimony by dissolvin, 
antimony ores with sodium sulphide. The solution is electrolysed in 
vat divided, by a diaphragm, into a cathode compartment, into whio 
the solution is put, and an anode compartment, which is filled with a 1 
per cent, caustic soda solution Sufficient ammonium chloride is adde 
to the soda solution as will raise its specific gravity to that of th 
antimony solution. At Cassagnea, France, the process yielded 
lustrous scaly deposit of metaUio antimony the current density wa 
0 8 ampere per square decimetre, the E M.F, 1 6 volts, the yielc 
76 per cent ; the output per kilowatt, 0*66 kg, antimony, which wa 
finally raised to 0 621 kg. 

At Lixa, near Oporto, Portugal, the following process, for th 
extraction of both antimony and gold from impure antimony, ha 
been tried, and was finally given up on account of high workin 
cost —Plates of the impure antimony were used as anodes, while th 
electrolyte was a solution of antimony trichloride, made by dissolvin 
the tnohloride in a concentrated solution of salt, potassium chloride 
or ammonium chloride strongly acidified with hydrochloric aoic 
When current was passed, the antimony dissolved out from the anod 
was deposited on the cathode; while the gold, in the form of fin 
powder, fell to the bottom of the cell. 

In Sanderson’s process, a solution of butter of antimony, in a ver 
concentrated solution of sodium, potassium, or ammonium, aoidifie 
with hydrochlonc acid, is used as an electrolyte, m which are sui 
pended antimony anode plates contaimng gold When a current : 
passed, the antimony is deposited on the cathode and the gol 
particles fall to the bottom of the vat This process is too costly 
moreover, a chlonde solution can never afford a good deposit 

Betts, at a meetmg of the American Electro-chemical Society 
September 18, 1906, stated that an acid feme chloride solution attacli 
stibnite with ease, producing a solution of ferrous and antimoniOL 
chlorides and a residue of sulphur, from this solution metallic ant 
mony and ferrous chlonde can be recovered electrolytically 

lY. Refining or Antimony. 

Unrefined antimony, as already stated, usually contains sulphu 
iron, arsenic and copper, and frequently lead These impuritie, 
with the exception of lead, can be eliminated partly by oxidising an 
slagging agents, partly by sulphurising agents, and partly b 
ohlonnatmg agents Soda or potash or antimony glass (antimony 0 x 3 
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sulphide) removes sulphui by fusion, and converts arsenic into arseniate 
of soda or potash. The conversion of copper and iron into their 
sulphides by sulphide of antimony can be facilitated by the addition of 
soda or potash, or of Glauber salt and charcoal. These sulphides form 
a slag with the sulphide of sodium produced from the reduction of the 
Glauber salt, and with the soda or potash present These sulphides 
are easily removed by antimony glass. 

The use of common salt, carnal hte, or magnesium chloride to 
volatilise some of the foreign metals present as chlorides, and to slag 
others, may also occasion great loss of metal due to volatilisation. 

As lead can easily be separated from its oxide or sulphide by 
metalho antimony, the above-mentioned methods are ineffective for 
its elimination. It can, however, only partially be eliminated by 
ohlondising, which, as previously hinted, causes great loss due to 
volatilisation. Mitscherlioh suggested that the elimmation of lead 
should be effected before the smelting of antimony sulphide by 
the addition of 4 per cent of iron, which removes all the lead and a 
comparatively small amount of antimony 

In commerce, the purity of antimony regulus is judged by the 
appearance of the fem-like “star” on its surface. 

If the metal is impure, or if the pure metal has been exposed 
during sohdification, or if the slag covering sets before the metal does, 
or if a trace of undeoomposed slag or potash comes into contact with 
the surface, the ohai’aoteristic fern-like structure is not exhibited. 

1. Eefining in Pot Furnaces —This kmd of furnace is, or has 
been, in use at Septfemes m France, m England, and at Oakland in 
California. The fuel consumption is great, and therefore it is 
advisable to use it for small quantities only. 

At Septfemes the furnace held thuty crucibles, the shape of the 
furnace bemg that of a barrel out lengthwise through the middle 
Its dimensions were;— 


Lougth ... ■ • . a • 

7 feet. 

Breadth across each end 


Breadth in the middle 


The bed was 6 inohoa lower than the bndge 


The height of the loof above the budge 

8 inches. 

,, ,, ,, the middle of the bed , 

1 foot 6 inches 

,, ,, ,, the end where the flue left the 


fui-uace 

10 mohes. 

Length of fireplace 

6 feet 

Breadth ,, ,i • • 

1 foot 8 mohes. 

Depth ,, ,, from roof to bars 

1 4 „ 

Width of working door in the longer front side 

1 „ 8 „ 
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The oruoibles were made of fire-clay, and could stand five or six 
charges each, each charge being 48-6 lbs of impure antimony 
To each charge were added 13 to 17 lbs of flux, which was a 
mixture of sulphate and carbonate of soda, with a httle salt 
and pure oxidised antimony ores. The fusion lasted six hours, 
with a consumption of 460 to 660 lbs. of coal. A low red heat 
is necessary. 

In England the process of refining and restarrmg the stai-bowls 
18 as follows; —The lumps of metal, when cold, are removed from the 
mould and are thoroughly cleaned from the adhermg skin of slag by 
chipping with sharp hammers, this part of the work bemg sometimes 
done by women. IFnless this oleanmg process is carefully done, it is 
weU-mgh impossible to obtain good stars on the finished metal The 
ohippmgs are returned to the second smelting. Having been cleaned, 
the star-bowls are broken small. The charge made is about 84 lbs , 
together with enough flux to surround the ingots completely, the 
quantity is generally 8 lbs. for ingots of the ordinary shape. The 
melting takes place in the crucibles standing close to the fireplaces, 
where the fusion is most rapid. The metal is charged first and is 
closely watched; as soon as it begms to melt, the flux is added; 
and as soon as the fusion appears to be complete the fumaoe-man 
stirs the mixture once round only with an iron rod, and the chaige 
is then poured out. The flux is used over and over again, being 
regenerated by the addition of carbonate of potash. The ingots 
must be completely surrounded by the flux; there must be a thin 
layer of it between the mould and the metal, and also the whole 
surface of the mgot must be covered by the flux to a depth of 
a quarter of an inch. Any traces of the flux still adhenng to the 
ingot are removed by washing m warm water, with the assistance 
of a httle sharp sand. 

For a charge of 60 to 70 lbs. of bowl-metal, with 1 to 2 lbs. 
American potash and 10 lbs. of slag, obtained from a previous 
charge of French metal, the time required is three-quarters of 
an hour 

The slag obtamed shows whether the operation is complete or not. 
It should be smooth and of a deep black colour. 

The process of refimng as practised m Tuscany is as follows :—The 
broken-up impure metal is mixed with one-eighth by weight of car 
bonate of soda, and one-sixth by weight of sulphide of antimony 
This mixture is placed m a Hesse crucible The metallic buttoi 
thus obtained is again fused with carbonate of soda and a little 
nitrate of potash 
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2. Refining in Beverberatory Furnaces —Reverberatory fumacep 
re, or were, used at Millesohau, at Bdnya, at Siena, and at 
akland The bed of the furnace should be tight, and should 
0 made of materials capable of resisting the action of the fused 
Ikahes used. The best material is partly weathered granite, 
ewly out stone bemg unfavourable. A mixture of burnt and 
iw clay can be used, if such stone is not available. In this case 
le mixture should be rammed hard into an iron pan 
Figs. 59, 60, 61 show the construction of a furnace of this kind 
3 built by Bering at Millesohau and as recommended by Helmhaoker 



Fig 69 —Seotion E F 

The followmg is a desciiption of figs. 59, 60, 61.— 

y, Bed of granite block. 

c, Three iron rollers carrying the granite. 

/, Throe railway bars for the rollers 

df, A depression or sump in the bed,.in which the antimony collects 
id from which it can be ladled 

Working door ; to facilitate working, the later patterns of furnace 
'6 provided with two doors, one on each side of the flue end of the 
imace; one bemg used for drawing the slag, the other for ladling 
it the metal and charging. 

a, A vertical channel inside the fire-bndge, for preheating the air, 
id thereby aiding the combustion of the fire gases The aii>- 
irrent admitted into these vertical channels is regulated by a 
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homontal flae running through the bridge lengthwise, the flue being 
provided with a shde, and the ohinmey with a damper The charge 
for a furnace of such dimensions is 1200 to 1500 lbs., eiolusive of 
the fluxes. 



Fig. 60 —Section CD. 

At B4nya the bed is built of fire-clay 11 inches thick, well rammed 
into on iron box 13 feet long by 8 feet 2 inches wide A charge 
consists of 10 cwts. only of the unrefined metal. 



Fig 61 —Seotien AB 1 metre=8'28 feet. 

At Millesohau, where the above-described furnace is m use, the 
very impure antimony is refined first by soda and then by antimony 
glass, while tho purer sorts are refined by antimony glass alone 
The tetroxide of antimony used in making antimony glass is 
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obtained m the form of onists, formed in the hottest part of the 
ohinmey. 

According to Helmhaoker, the refining process is as follows •— 

Twelve hundred to 1500 lbs. of impure antimony are charged into 
the furnace, previously heated to a red heat. As soon as the metal 
IS melted, generally m leas than half an hour, 3 to 7 per cent, 
of soda, with which is mixed a little coke-dust or fine charcoal, is 
added, according to the purity of the metal. After this the heat is 
raised to bright redness in order to fuse the soda. During the 
chargmg and the fusion, vapour of antimonious and arsemous oxides 
is given off. 

The slag gradually becomes thicker and thicker, and consequently, 
after about three hours, the babbles, which at first were numerous, 
nse very slowly through the slag. The slag is then very carefully 
skimmed off through the workmg door 

Up to this point the iron and sulphur persist as impurities m 
the metal. They are removed by adding ingredients capable of 
formmg antimony glass, such as oxysulphide of antimony For each 
100 lbs of antimony m the charge, 3 lbs of liquated sulphide of 
antimony and lbs of antimony tetroxide are thrown in, and, as 
soon as these are fused, lbs. more of potash or white flux are added. 

dare must be taken that the bath of metal is completely covered 
with the fluxes 

The metal can be ladled out at the end of a quarter of an hour, 
but this must be done cautiously, m order to secure the starred 
appearance of the mgots When cold, the slag covering the ingots 
can be broken off by means of a hammer. 

Three charges of 1300 to 1600 lbs each can be refined in one of 
these furnaces in twenty-four hours, with a consumption of 1300 lbs 
of coal. 

The slag obtamed m the final process of refining is called star slag, 
which consists principally of antimony glass, and contains from 20 
to 60 per cent, of antimony; it is generally used over again for 
refimng When it becomes too impure for this purpose, it is charged 
along with the ore for the first smelting The other slags obtamed 
m the course of refinmg are also added to the charges of ore for 
smelting The impurities found m the star slag are sulphides of non 
and mckel, iron oxides and silica 

The loss due to volatilisation amounts to 20-30 per cent Th(i 
flue dust consists principally of the trioxide and tetroxide The cost 
of refinmg is said to be 2^ to 3 marks per 100 kilos, (^e. Is. 3d 
to Is. 7d per owt) 
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At B&nya the data are:— 

Charge for the furnace, impure antunony (high grade, Sb=90 per cent) 990 lbs. 

„ „ n n (low grade, Sb=74 „ ) 110 „ 

Sodium sulphate added ... . . . 92 6,, 

Powdered ohurooal ... .... 11 n 

Saw ore ... ... .... 880 ,, 

After ten hours the slag is drawn off, and the matenals to form the 
star slag are added .—2 2 lbs. of crude antimony, 13*2 lbs of roasted 
sulphide of antimony, 7 5 lbs of potash, and 6*7 lbs. of soda ash Tho 
foUowmg gives the analysis of the impurities fomid m tho refined 
star antimony thus obtamed :— 


Arsemo .... 

. 0‘S30 per cent. 

Iron. 

, 0-062 „ 

Silver .... 

. 0 006 „ 

Sulphur .... 

0-720 „ 

Total 

1-108 

At Siena, where the unrefined metal 
shows the proportions m 260 charges 

IS less impure, the following 

Unrefined metal 

116,266 Iba. 

Salt. .... 

27,2-29 „ 

Roasted ore ... . 

767 „ 

Refinery slag .... 

12,649 „ 


Refined antimony obtained, 107,697 lbs, which is equal to 93 6 poi 
cent. 

Antimony contains small quantities of iron, lead, sulphur, arsenic 
etc., aa impurities. 

In order to produce an almost absolutely pure antimony, Liobig^E 
process may be used. Mk powdered antimony with one-eighth of its 
weight of carbonate of sodium and one-sixteentb of its weight o 
sulphide of antimony, and heat the mixture m a Hesse crucible. Th( 
button thus obtained is submitted to another fusion with carbonate o 
sodium only for two hours, and to a third fusion with a mixture o 
carbonate of sodium to which a small quantity of potassium nitrate hai 
been added. In these operations the sulphur of the antimony sulphide 
transforms the foreign metals present, except lead, into sulphides 
which remain m solution m the scona, the arsonio compounds posi 
in part to the sulpho-arsenate of soda and in part to tlio state o 
arsenate. The addition of potassium nitrate removes the last trac< 
of arsemo by .converting it into arsenate of soda. 

The Products of Befining.—^The products of refining are refino( 
Q,ntimony, slag and star slag 
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(a) Reflmd Antimony ,—The composition of the metals taken from 
different sources can be seen from the following table:— 



1. 

II. 

III. 

IV. 

V, 

VI. 


{ Lipto Szt. \ 



r Samples for tenders at \ 

Source 

4 Miklos, [- 

Oahfomia 

■{ the Royal Docks at } 


1 Hungary.] 


J 

‘Wilhelmahaven 

J 

Analyst . 

Hirzel. 

Booth, Garret, Blair^ 


Himly 


Sb 

98 27 

08 34 

99-081 

98-98 

98-81 

98-87 

I'u . 

0-64 

0 021 

0*062 

0-01 

0-02 

0 02 

Fe . 

0 68 

0 144 

0 089 

0-86 

0-84 

0 16 

Pb . 

, 

0 410 

0-638 

0-84 

0*84 

0 78 

As . 


1 008 

0-086 

0-09 

0*86 

0-09 

Bi 

0-36 




, 


S . 

... 

0-064 

0 254 

0-28 

0*12 

Oil 

0o\ 

Ni/* 

... 

0 018 

traoe. 



• 


ifi) Rejkiery Blag generally contains from 20 to 60 per cent of 
antimony, and is a mixture of soda, sodium sulphantimomate, 
antimony trioxide and tetroxide, ferrous oxide, iron sulphide, arsenic 
oxide, and smaller proportions of silica and alumina, it is added to 
charges of ore. 

(y) Stcur slag consists essentially of antimony glass, and is used 
repeatedly until it becomes too poor and impure; it is then added to 
charges of ore. 
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THE ANTIMONY PREPARATIONS AND THEIR USES. 

The pnnoipal uses of antimony, arranged in the order of import¬ 
ance, are as follows •— 

1. Alloys. 

2. Pigments and paints 
3 Mediome 

4. Colouring matter in glass-making and in the prepaiation 
of artificial gems 

6. Colouring matter in pottery-making 

6 Colounug matter for the manufacture of cloth and paper. 

7. Mordants 

8. Corrosive for dyeing 
9 Vulcanising rubber 

10. Coating articles 

^11. For the manufacture of amhne yellow and aniline red. 

12. For the fabncation of dice-boxes, for the cartridges of the 
new firearms, and other objects, for artillery uses. 

13 Miscellaneous uses 

We shall now take up the treatment of each in the order given 

1. Alloys. 

The principal alloys of antimony are:— 

(a) Britannia metal. 

(J) Bearing or anti-fnotion metal. 

(c) Type-metal. 

(d) Hard lead 

(e) Others of less importance 

{a) Britannia Metal —This alloy is generally used to make spoons, 
cans, articles of luxury, etc It is practically an alloy of tin and 

146 10 
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auLimony, m vanable proportions, with smaller quantities of oopper, 
zinc, lead, bismuth, or other metals. 

The following table, according to Long, shows the variation of the 
properties of the alloys of tm and antimony, as different proportions 
of the two are taken — 


Oomposition of Alloys. 


Speoifio Gravity 


Diffeienoe 

Expansion. Contraction. 


1 

I 


100-0 


Sb 

6-713 




92-6 

7 4 

SbiaSn 

6-739 

6-762 

0 

013 

89-2 

10-8 

SboSn 

6 747 

0 770 

0 

023 

88 1 

11-9 

SbjSn 

6-781 

6 817 

0 

036 

67 7 

82-8 

SbaSn 

6-844 

6 889 

0 

046 

61-4 

48-6 

SbSn 

6 929 

6 984 

0 

055 

84-5 

66-6 

SbSn2 

7-028 

7-082 

0 

059 

26-0 

74-0 

SbSna 

7-100 

7 183 

0 

033 

17 4 

82 6 

SbSng 

7 140 

7 186 

* 0 

•046 

9 6 

90 6 

SbSiijQ 

7 208 

7-234 

0 

026 

6-0 

96-0 

SbSnaj 

7 276 

7 262 



2*1 

97-9 

SbSijgo 

7-279 

7 281 

0 

002 

1-0 

99 0 

SbSnioo 

7*284 

7-287 

0 

008 

.. 

100-0 

Sn 

7-294 





The addition of antimony to tin gives an alloy that possesses a 
silver-white appearance, and whose melting point is higher, and hard¬ 
ness greater, than the corresponding quantities of tin alone. The 
brittleness increases and the malleability decreases os the proportion 
of an ti m ony increases. An alloy consisting of 80 per cent tin and 
20 per cent, antimony is sufficiently malleable to be hammered and 
rolled in the cold It is by keeping close to this proportion that the 
best alloys of tm and antimony, for making pots and engravers’ 
plates, are obtamed According to Chaudet, 10 parts of tin to 1 
part of antimony form a perfectly ductile alloy. 

The alloy is white in colour, with a bluish tint, and takes a high 
polish The amount of oopper used must always be limited, as it 
tends to give a yellowish tint to the appearance and diminishes its 
fusibihty. Good alloys show a fine-grained, jagged fiocture, and if 
it exhibits a crystalline structure, they eithei contain too much 
antimony, or the union among the constituents is not intimate enough, 
thus necessitating their remelting Iron and zinc are objectionable, 
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as they increase the hardness and bnttleness Isead is advantageous 
m cast work by making the alloy more fusible, but it impairs the 
colour and lustre. Arsenic induces brittleness, even in small 
quantities 

The essential point in the preparation of Bntannia metal is to 
make the tm harder, tougher, more sonorous, and more easily polished. 
The aUoy gives castings as fine and sharp as those made with the 
most fluid alloys of tin and lead, copper and zmo, etc. It acquires a 
finer polish than alloys of tin and lead, as the latter are foo soft to 
sustam the action of emery and other polishmg materials. Bismuth 
increases the fusibility. 

The best way to prepare the aUoy is to melt the copper first, then 
to add the antimony with a portion of the tm, and finally the re¬ 
maining tin. 

Dr Karmarsh states that Bntanma metal, when subjected to 
rolhng, has its specific gravity diminished. He explains this by 
saying that the particles, under the pressure of the rolls, have a 
tendency to become separated 

The following is a list of the principal alloys of tin and antimony 
m commercial use — 



Tm. 

Anti¬ 

mony. 

Copper. 

Zmo 

r.n“h. 

Other 

Metala 

metal 

94 

5 

1 




(Biitanma metal) 







ti 

90 

6 

2 


2 


If 

90 

7 

8 


, 

... 

1* 

89*3 

7 

1*8 


1*8 

, 

I* 

86 47 

0 66 

1 81 

8 00 



M 

86 

5 

8 5 

1 6 

5 

, 

1 1 

80 

10 

9 


1 


,, (Hobson). 

109 Iba 

76 

9 Iba 

8 lbs 


8 8*6 

8 oz 
man¬ 
ganese 

If 

8*6 



„ (sheet) > 

90 6 

7 8 

1*6 




„ (coat) 

90 6 

9 2 

0 2 




Queen’s metal 

604-76i 

16i-8i 



16i-8 164-8 


1) 

88 6 

7-1 

8 6 

0*9 


,, or pewter 

88*6 

7 

8 6 


l’ 


Englieh Tiitania 

26 

25 

, , 


25 

biaas 25 

German „ 

7 

92 

1 


, 


Engeatrum „ 

7 

62 

81 




AshbeiTy metal . 

80 

14 

2 

1 

• « ■ 

nickel 3 

i» • 

79 

16 

8 

2 

1 • I 

1 

>» • 

77*08 

19*40 


2 80 

1 


Minnfei 

68 6 

18 2 

8*8 

10 
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1 



Tin 

Anti¬ 

mony 

Copper. 

Zmo 

Bis¬ 

muth 

T A Other 
Metals. 

German metal • 

72 

24 

4 




■ 

84 

9 

2 

5 



55 * 

20 

64 

10 

6 

• •• 

, 

Le^ per vasellame 
di Btagno 

Metallo argentmo 

90 

g 

1 



... 

84 44 

14*6 




0 06 

di Pangi 

Britannia metal . 

85 7 

10*4 

1 0 

2 9 



Jt • 

81-9 

16*2 


1*9 



Plate pewter 

89-3 

7*1 

1 8 

. 

1 S 

, 

M4tal ar^ntm 
Potene d’4tain des 

85 5 

14 6 





90 

9 

1 



. t. 

ouvners do Pans 
Mdtal du pnnoe 

84*75 

15 25 





Robert for covers 
Engjliah pewter for 

83*42 

7 16 

3 54 

0 88 



dnnking-ciiM 
Queen’s metw for 

78*36 

8*88 



8*88 

8 88 

English tea-pots 
Oomplex English 

87 

6 

2 

nickel 

0 6 

tunga- brass 1 

metal 




2 


tun 1 5 

Britannia ware 

paita 

28 

8 paits 



brass 

made in Sheffield 

parts 




8 parts 

For plugs of stop- 1 
cooks 

80 

20 



• 

For seats of stop- 

86 

14 

, 


, 


cooke 

Algiers metal 

90 

10 





>» • 

76 

25 


..1 

... 

. . 


(6) Bearing or Anti-friction Metal —This is sometimes kuo^n as 
white metal. This metal is generally an alloy of tin, antimony, and 
copper; but rarely it is composed of lead, antimony, and tin, or of 
zinc, antimony, and tin ; or still more rarely of lead, zmo, and tin, or 
of zinc, tm, and copper, etc. 

There are two kmds of bearings • one for heavy loads and a large 
number of revolutions, and the other for light loads and a small 
number of revolutions The former require the use of red brass, 
the latter, that of white metal. 

White metal enables the axle to run with extreme smoothness. Its 
hardness depends upon the amount of copper content. 

The following is a list of the pnncipol varieties of white metal, 
as used m industnes:— 
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Enghflli, for heavy loads . 

,, medium,, . 

If If • 

For nulla 
,, heavy axles 

fill • 

,, rapidly revolving axles 
Bearmgs of great hardness 

II II 

Bearmgs (oheap)* 

II 

Bavana, duiuble oold running . 
Austrian Govt railroad . 
Distribntmg slide valves . 
o f Westphalia Bahn 
^ Magdeburg - Halber' 

2 sbdndter 

Saarbruoken . 

Bergisoh- Markisohe 
Diverse Bahnen (reoom* 
*' mended) 

^ ^ Magdeburg-Leipziger 
^ Rhemiache 
g Ostbahn 

§ Herlm-Hambarger 

^ ^ Oppeln-Tarnowitz 

' Car-box metal 
Anti-fhotion metal . 
Amenoan,, ,, 

Magnolia metal 


Hit I 

Babbitt’s anti-friotion metal f 
Ongmal Babbitt metal 


Tm 

Ant 

Coppei 

Zinc 

Iron 

Lead. 

17*47 


6*62 

70 14 



76*7 

16*6 

7*8 

, 

,, 


72*0 

26 0 

20 

, 



16 

mmm 

8 

40 

, 

42 

72*7 

18 2 

9*1 




88 

6 

1 

47 

, 

4 

17 

77 

6 




6 

, 

25 

,, 

70 


12 

82 

4 

2 



2 

2 

8 

88 

... 


1 6 

1*6 

7 

90 

, , 


90 

8 

2 


... 


90 

7 

3 


.. • 


88 2 

11 2 

6 6 


, 


82 

11 

7 

, 



74 

16 

n 


•• 

... 

85 

10 

6 




80 

12 

8 




85 

10 

6 

... 



91 

6 

3 




82 

12 

6 

• •• 

... 



16 

,, 



84 

20 

20 




60 

42 

16 

,, 

... 


42 


14 88 


trace 

0 61 

84*88 


11*98 




88 32 

1 ■ ■ 

19 60 


0*98 

0 66 

78 44 


16 45 

bismuth 

trace 

trace 

83 56 



trace 




5 

16 


, 

... 

80 

83 3 

8 3 

8 8 


**■ 

, 

89 

7 8 

8*7 

, . 

... 



(c) Type-metaL—It ib essentially an alloy of lead, antimony, and 
tin, with, occasionally, the addition of copper. One way of mauu- 
faoturmg the alloy is as follows —Heat strongly 2 kilos, of tin m a 


* Siemens and Halske, equal parts of zmo and cadmium and 10 per oent. Sb. 
t It can be mode thus *—Melt separately 4 pai'ts of copper, 12 parts of Banoa tm, 
and 8 parts of antimony regulus, and, after fusion, add 12 parts of tm. The 
antimony is added to the first portion of the tm after its fusion, and the copper is 
introduced after the vessel is taken off the fire and before its content is poured 
out The charge is kept from oxidation by a layer of powdered charcoal. A small 
}>6Tcentage of aluminium added to the mixture gives a good result 
The German Babbitt metal is somewhat harder than that used in the United 
States, and for some uses is probably too bard Many railroad companies in the 
United States buy a hard Babbitt metal and reduce it with pure tin to suit vanous 
requirements, e.g, — 

Gorman railway specimen , . 88 8 tin. 11*1 Sb, 6*6 On. 


US 


88 0 


7 4 


87 


II 
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oruoible, and, after its fusion, add 1 kilo of copper, in shreds of plate, 
6 kilos of lead, and finally, after strong heating, 2 kilos, of antimony. 
Add to this mixture 1 kilo of common type-metal (made from 25 
kilos, of lead and 6 kilos of antimony). 

The following is a list of the common type-metals •— 



Lead 

Antimony. 

Tin 

Ooppei 

Type-metal 

56 

30 

16 


11 • • 

1 60 

26 

16 


n • • 

70 

18 

10 

2 

II ... 

82 

14 8 

8 2 


It • • 

65 

22 7 

22 1 

. 

II • ■ 

61 8 

18 8 

20 2 


II • • • 

69 2 

10 5 

9 1 

1 7 

II • • 

80 

20 

• 

bismuth 

II 

60 

27*77 

, 

22 23 

II . . , 

66 1 

1 6 82 


1 biB. 29 68 

II • • 

66 66 

^ 38 34 



Stereotype plate 

86 71 

14 29 



li • ‘ 

70 

15 


biamuth 16 

Linotype metal 

84 6 

18 5 

2 


Type-metal . 

72 

16 

25 

... 


(d) Hard Lead.—It is a particularly useful alloy, suitable for many 
teohmoal purposes m which the lead, when used alone, possesses too 
low a meltmg-pomt; and further, it is used to make cooks and valves 
that come mto contact with acids in chemical works. It is obtajped 
from antimony ore containing much lead, and also as a by-product 
from smelting works. Its usual composition is 22 per cent Sb and 
78 per cent. Pb. * 

Antimony-lead alloys, according to Matthiesson:— 


OorapoBition. Specific Gi^avity 


Antimony 

Lead. 

Atomio 

Formula. 

Found 

Oaloulatod 

Dilleience 






Exp. 

1 Gout. 

100 


Sb 

‘ 6*718 




64*1 

45 9 

SbjPb 

8*201 

8*268 

0 067 

*•* 

87*1 

62 9 

SbPb 

8 989 

0 045 

0 066 


22 7 

77 3 

SbPbg 

9 811 

9 822 

0 011 


16 4 

83 6 

SbPbg 

10*144 

10 211 

0 067 


10 6 

89 6 

1 SbPbfi 

10*586 

10 699 

0 013 


6*6 

94 6 

SbPb^o 

10 930 

10 962 

0 022 


2*8 

97 7 

SbPbjj 

11 194 

11 196 

0 002 


... 1 

00 

Pb 

11 376 
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(e) Other Alloys of Less Importance.—An alloy for making the 
nails to be used m ships consists of * tin 60 per cent, lead 33 per cent, 
and antimony 17 per cent.; or 3 parts tm, 2 parts lead, and 1 part 
antimony. It is specially resistant against the oontmued action of 
water and atmosphere. 

Metallic mirrors, buttons, etc, have been made from the following 
alloys:— 

Antimony, silver, copper, zinc. 

„ tm, zinc, steel. 

„ copper, iron, lead. 

,, copper, tin, zinc 

,, copper, tm, lead. 

• 

Alloys of Antmvony arid Hydrogen. —^Antimony hydride is rather a 
chemical compound than an alloy, and is generally in the form of a 
gas. As a solid alloy it can be obtained by sendmg a current through 
a dilute sulphuric acid bath, the metal antimony bemg then negative 
The hydrogen thus disengaged unites with the antimony to form 
brown flakes. If bichloride of mercury is mtroduoed mto the bath, 
an alloy consisting of hydrogen, antimony, and mercury is obtained, 
which becomes very unstable as soon as the galvanic current is 
stopped. The phenomenon of dissociation is accompanied by a 
development of heat and electricity, thus producing a reversing 
secondary current. Although the study of this cunous and delicate 
reaction is still not far advanced, yet the results already obtained 
promise well for its future use m thp manufacture of secondary poles 
and ^accumulators. 

Antimony Amalgam, —Mercury dissolves antimony in different 
proportions, and forma white alloys, the fluidity of which decreases 
proportionately as the percentage of antimony increases When m 
a solid state they are so fragile that they break up under the slightest 
shock. They are of theoretical interest only. 

Alloys of Antvmony and the Alhdies —Potash and soda are reduced 
with great facility by carbon in the presence of antimony, fonmng 
alloys which may contam the alkaline metals up to 26 per cent. 
This alloy is ordinarily prepared by heating to red heat for two or 
three hours a mixture of 6 parts of tartar emetic and 1 part of nitre, 
or equal paits of antimony and roasted cream of tartar The metallic 
button thus obtained is very compact, greenish gray in colour, brittle, 
and lamellar m structure. It possesses sonie of the properties of 
potassium j when exposed to humid air it inflames rapidly, in water, it 
sets the hydrogen free, leaving behind a residue of antimony, while 
the potash remains in solution In contact with mercury, the anti- 
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mony is isolated, while the potassiura forms an amalgam with the 
mercury. An explosive alloy can he made by calcining for three 
hours a mixture of 100 parts of tartar emetic, 3 parts of lamp-black j 
or 100 parts of metallic antimony, 76 parts of roasted cream of tartar, 
and 12 parts of lamp-black. The crucible used for this purpose must 
be coated with a thin layer of carbon to prevent adhesion. This alloy 
may be used in the manufa-oture of matches that are damp-proof. 

Gook^a Alloys —Two crystallised compounds of antimony and zinc 
are known, with SbgZng and SbgZna as formulae. The former is pre¬ 
pared by meltmg together 67 parts of antimony and 43 parts of zmc. 
After carefully stirring the mixture, it is allowed to cool m the crucible 
until a crust is formed on the surface, which is then pierced and the 
liquid portion poured off. The interior of the crucible is then seen 
to be covered with magmfioent prismatic crystals, termmatmg in 
points. 

The latter, Sb^Zn^, is prepared in the same manner with 68 5 parts 
of antimony and 31'6 parts of zinc (FreTny), These two alloys 
possess the property of decomposmg water at 100"* 0.; thus, 200 grms. 
of SbjZng can set free 130 o o. of hydrogen gas in ten mmutes This 
decomposition can be accelerated by addmg a few drops of chlonde 
of platmum : 200 grms. of SbgZn^ can then set free 244 o.o. of hydro¬ 
gen gas m ten minutes Cooke has recommended the use of these 
two alloys for the production of pure hydrogen m the laboratory 

ESoAimui^s Alloys. —When a mixture of 70 parts of antimony and 
30 parts of iron is heated to a white heat in a crucible, the resulting 
alloy is very hard, white in colour, and slightly magnetic, the Iiard- 
ness being mcreased m proportion as the quantity of iron is increased 
It is always formed when iron is used to excess in reducing antimony 
sulphide. 

Alloys of Antmiony and Gold —Antimony has such great affimty 
for gold that a very minute quantity of antimony vapour wiU modify 
its duotihty. The alloys are straw-yeUow, the fracture being grainy 
and dull, like that of porcelain. They are used in jewelry. 

Alloys of Antimony <md Copp&r. —Equal parts of the two metals 
form an alloy having a beautiful violet colour.* In combination with 
tm, the alloy is used m mdustries. 

Alloys of Antiw/my amd Silver. —They are white and brittle. 

Alloys of Antimony <jmd Alwminimn. —These alloys, discovered 
recently, have been studied by M P6oheux. Yon Aubel (1896) 
obtained the alloy SbAl, which melts at 1080“; L. Guillet (1902) 
obtained the alloys SbAl, SbAlg, SbAl^, and SbAljQ, which turn to a 
* It IS known as “ regiilus of Venus.” 
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black powder. Since then Pdcheux has been able to obtain the 
alloys : SbAlj^, density « 2*73; SbAlg^, density - 2 7, BhAl^ density 
= 2 662; and SbAl^^^, density = 2*698. The melting-point of these 
four alloys is between 760 and 730", while those of antimony and 
aluminium are 460" and 660“ respectively. They expand on sohdi- 
fying, are sonorous, ofiFer resistance to filmg, but are somewhat 
bnttle, and can be slightly bent. They are of a bluish-gray colour, 
and do not alter in air or water at ordinary temperatures. The 
alloy SbAlgo, liowever, decomposes water at 100" C. The lightness, 
malleability, and durability of these alloys may render them useful m 
the construction of ships for the navy, submarme vessels, automobile 
conveyances, and air-ships. 

An cUloi/ of c^tvmony a/nd a/rsemc is very fusible, veiy hard and 
brittle, and is not of piactioal use 

An alloy of cmtimiony <md nicJeel is brittle, and has a lead colour. 

AlloyB of cmtimony amd limmth have the followmg composition, 
according to Holzma^n:— 

OompoBition ’Specifio Gravity 


Differeoce. 


Sb. ' 

Bis. 

Atonuo 

Poimula 

Found 

Oaloulated. 

Bzp 

Cont 

10(f 


Sb 

6 718 




64 0 

46 0 

SbaBi 

SbBi 

7*864 

7 866 

!!! 

0 008 

37 1 

62*9 

8*892 

S 886 


0*007 

22-7 

77*8 , 

SbBia 

8*886 

8 888 

0-002 

12 8 

87*2 ' 

SbBi4 

9 277 

9-272 


0-006 

8*9 

91*1 

SbBifl 

9*486 

9 488 


0*002 

... 

100 

Bi 

^*828 

... 

... 

... 


It may be assumed that the volume remams constant, the differences 
between the specific gravities found and calculated bemg neghgible. 

Eemarks on the Preparation of Useful Alloys.—In working 
with antimony alloys it is important to cast them at a temperature 
os low as possible, and to pour mto cold moulds, so as to aid rapid 
solidification and obtain a fairly uniform mass instead of an eutectic 
alloy. Brass moulds must be used for casting, and must be coated 
on the interior with a mixture of lamp-black and oil of turpentme, 
or lamp-black alone, to prevent any adhesion of the alloy to the mould. 
Red chalk mixed to a umform mass with water can also be used. 

The mixture for an alloy must be thoroughly stirred. If the alloy 
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on fracture shows a non-liomogeneous structure, it requires to be 
rapidly remelted under a layer of charcoal, so as to prevent 
oxidation 

Fig 62 shows a smelting furnace for the production of alloys of 
antimony with other metals. 



FlO. 62.—Scale=tV* 


a, Graphite omcibla 
5, Oaat'iron plate 
tf. Grate 
d, Fire-bnok. 

Oommon bnok 


/, Ground, 
gf, Ohunney. 

A, Iron cover for furnace 
if Balanomg weight 
k, Arch 


2 Pigments and Pajnts. 

(a) Antimony White.*—The process for forming it, as gjven by 
MM Bobiffrre, Euoh, and Bomseau, is as follows t —In a hriok oven 
01 a cast-iron furnace, a draught of air and a jet of steam regulated for 

* Taken from the translation by Tesqueat 
t V%de “ Volatilisation Process” undei Mekdluiyy 
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each kind of sulphide is thrown upon the heated surface of antimony 
sulphide Sulphur escapes as sulphurous acid, which may be saved, 
and the antimony is converted into white oxide, which is collected in 
receivers placed at the end of the heating apparatus. This product 
may be ground immediately with oil It does not require drying, 
pulverising, siftmg, etc. The covermg power is twice that of white 
lead. 

The process of MM. YalU and Barreswill is as follows:—^Algaroth 
powder, an oxyohlonde of antimony, is obtained by treating SbgSj 
with HOI HgS is made to burn, and the sulphurous acid produced 
is employed m lead chambers for the manufacture of sulphuric acid. 
The clear and settled chloride of antimony is decomposed by water. 
The hydrochlono acid resulting from this decomposition (with a httle 
antimony) is used for condensmg HCl gas, or for separating the 
gelatin from bones, also for manufacturing new antimony white, by 
treating with HCl either the residue of antimony ore oalcmed at a 
low temperature, or the product of the action of HgSO^ upon the 
SbgSfl. The sulphurous acid resultmg from the treatment is used 
for the manufacture of sulphuric acid. 

MM EaZlett and process:—A natural oxide of antimony, 

or an ore in which the sulphide and the oxide are associated together, 
is used The mineral is pulverised and is separated from the gangue 
by washmg or by some mechanical device. The heavy portion thus 
obtamed is calcined in a reverberatory furnace, and from it the 
sulphur IB driven off as sulphuric acid. The residue consists mostl}^ 
of antimonious acid, which, after being further powdered, is mixed 
with oil or varmsh The product may occasionally contain a httle 
lead, copper, or iron, which has the effect of dimimshmg its whiteness 
Hence it is mostly used for mferior painting. 

Antimony-white paint can withstand the action of water, is as 
opaque as white lead, is scarcely acted upon by sulphurous fumes or 
sulphuretted hydrogen, is durable for outside-work pamtmg, and is 
not poisonous.* Furthermore, it possesses more body than zmo white, 
covers better, and is cheaper 

* In 1860, J. Bracket, ProfesBor of General Pathology at the Slcole de M6decine, 
Paris, m discussing the lead-paint question, stated *' Is it possible, in the painting 
of buildings, to replace white lead by some other metolho substances less poisonous ? 
Is it possible to employ white oxide of antimony, as proposed by Ruolz ^ . 

In order to dispense with the use of lead paint, it is necessary to have a great 
quantity of this mineral. If one could open up some of these mines, he would 
then do a great service, not only to industnes and aits m general, but above all to 
humanity. It la to be hoped that the government will oncouiago this branch 
of industry • • Tlie great problem of preventing lead disease will thus 
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The following gives a oompanaon of the pnoes of the three ki 
of paint in actual use,* the rates being taken from the Rews 
prodmU chimigvsB .— 


White lead, 

100 kiloB. t at 61 fr. 

61 fr. 

Oil, 

o 

I—1 

o 

CO 

. • 42 „ 


180 kilos, cost .... 

108 „ 


100 „ . . . 

. 79-20 „ 

Zmo white, 

100 kilos, at 82‘60 fr 

. 82 60 fr. 

Oil, 

60 ,, 140 ,, . 

■ 84-0 „ 


160 kilos cost 

166 60 „ 


100 „ . . 

. 104-06 „ 

Antimony white, 100 kilos at 85 fr. . 

. ' 86 fr. 

Oil, 

o 

g 1 

70 „ 


160 kilos, cost .... 

155 5 „ 


100 „ . . . 

. 103*66 „ 


Expenence shows that the following ratio must be taken for pa 
mg a given surface with the three kmds of paint, separately— 

Eli. Ell Ell. 

Zn Sb Pb=100 • 120 180. 

But, in order to obtain the same hue for the three cases, expene 
shows that it is neoessaiy to apply — 

1 coat of lead at 102 96 fr . . . 102 OO'fi 

2 ooata of antimony at 124’39 fr . . . 248 78 ,, 

3 „ zinc at 104 06 fr, . 312a6,, 

From these it can be seen that antimony white is a good substit 
for white lead, from the point of view of hygiene and technology 
M. G Hyvert recommends the follo^vlng process J :—Carbonat 
soda IS melted with a mixture of antimony and saltpetre or sod] 
dioxide, and a solution of sulphate of alumina is used to treat 
waters of lye-washing Good results can also be obtained 
treatmg antimony oxide, together with pulverised bauxite, v 
sihoate of soda, the product being treated with lye-washing i 

be solved.” Also the Oharabre de Commerce de Montlugon adopted, Oct 13,1 
the proposition to replace the use of lead paint by that of antimony white, an 
encourage the general public to use it fiom the hygienic point of view Y 
regard to this question, consult La Ctibc dii Plomh^ ])ar G Hyvert, 1001. 

* Taken from La Ct'tse du p. 28. 

t 1 fr.=9i pence , 1 kilo =2^ lbs 
X French patent, June 18, 1901. 
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dried at 100®. Again, a miiture of baimte and antimonic acid may 
first be treated with steam, and then oaloined slowly under a current 
of carbonic acid gas. Fmally, the antimomatea of manganese and of 
zinc give a good white colour. 

(5) Antimony Black—It is obtamed by treating antimony 
solutions with zmo or iron. The deposit thus obtamed is m the form 
of powder, and is used to bronze metals or plaster 

(c) Antimony Vermilion.—Lampadius, in 1853, proposed using 
the red sulphide of antimony as a pigment, which, as he observed, 
covers well when employed with water, but possesses less body when 
ground with oil 

M. E, MathievrFlessy writes thus* —“The product to which I 
give the name vermilion of antimony is the result of a new modifica¬ 
tion of the sulphide of antimony which I obtain from the decom¬ 
position of hyposulphite of soda m the presence of chloride of 
antimony. 

“Among the phenomena of double decomposition, so characteristic 
of the nature of mmeral substances, none is more stnkmg than the 
production of the orange-yellow sulphide of antimony by means of 
sulphuretted hydrogen or of an alkahne sulphide. If the latter 
reagent, from long exposure to the air, be partly transformed into 
hyposulphite, it may give with a proto-salt of antimony variously 
coloured precipitates, the colour depending on the degree of oiidar 
tion. These vanations, which may have been already observed, wiU 
be easily explained by the reaction studied by myself, which gave the 
key for obtammg a red sulphide of antimony entirely distmct from 
the well-known ones hereafter mentioned. 

“ I refer to the orange-yellow sulphide, produced by the reaction of 
sulphuretted hydrogen upon the proto-chlonde of antimony, the 
black native sulphide, and the brown-red sulphide, a modification of 
the preceding one, which was observed for the first time by Fuchs, 
and has recently been studied by Mr Kose. 

“ It IS not sufficient, however, to put the proto-chloride of antimony 
and the hyposulphide of soda m contact with each other to obtam 
the sulphide of antimony with all the brightness which it is able to 
acquire. In order always to arrive at the desired result, I have been 
obliged to make numerous tnals and to vary the proportions of the 
reagents and the temperature At last I have succeeded in find i n g 
out a prooesB which is satisfactory in regard to the quality of the 
product and the facility of its preparation 

“Believing that the vermilion of antimony might find its applioa- 

* BvZl de la SogUU % 7 udni 8 trielU de MuLhome^ vol. xxvi. pp 297 et 86q, 
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tion m the arts, I have examined its preparation from beginning to 
end, and I have therefore aimed at producing hyposulphite of soda 
and the chloride of antimony on a manufacturmg scale In regard 
to the hyposulphite of soda, and in order to avoid crystalhsations, 
which require a special apparatus, I followed a process which gave 
me this salt in a state of sufficient punty, at a time when its prepara¬ 
tion was but httle understood The process was based upon the 
employment of the sulphide of soda. 

“ In my researches I have demonstrated that this salt should be 
employed in the natural state, m order to avoid the reaction of the 
sulphurous acid upon the hyposulphite resultmg m the Langlois salt, 
which, being also decomposed, becomes sulphate of soda In the 
preparation of the sulphite I have followed the process of M Camille 
Koeohlin, which consists in burning sulphur in a convenient apparatus. 
It consists of a sieve holding large crystals of soda, suspended in a 
cask open at the top. The bottom is connected by means of a pipe 
with a small clay furnace, upon which the sulphide is thrown m 
small quantities at a time. 

“ The combustion of the sulphur is regulated by means of a trap¬ 
door , the draught is good, and after two or three days the crystals of 
soda are transformed. Should there be portions unacted upon, the 
easily orumbhng sulphite is rubbed ofF, and the core of carbonate is 
replaced in the cask A solution of 26“ B6 strength is made from 
the sulphite, and is afterwards heated and saturated with crystals of 
soda. When the addition of this salt ceases to produce an e^erves- 
cenoe (htmus paper does not give sufficient indications), or rather, 
when a diluted sample of the liquor produces a slight disengagement 
of carbonic acid by the addition of hydrochloric acid, then sublimed 
sulphur is put in, and the mixture is heated for three hours upon 
a water-bath. Dunng that time the evaporated water is replaced 
and the mass is frequently stirred. The cold liquor is diluted with 
water until the strength is 26“ 

“ The protoohlonde of antimony is easily prepared by boiling in 
hydroohlonc acid the powdered native sulplude of antimony. When 
the disengagement of hydrosulphurio acid begins to be slow, the 
whole IS boiled for a few minutes After ooolmg, the clear hquid is 
decanted 

“ In order to obviate the inconvenience of the production of sulphur¬ 
etted hydrogen, the gas is collected m a solution of soda, or it is 
burned at the end of a glass tube connected with the vessel whore 
the reaction takes place. If a bummg alcohol lamp be placed at the 
end of the tube, the combustion of the gas will not be arrested, even 
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should the gas be aooompanied by a large proportion of steam. The 
chloride of antimony thus obtained is diluted with water to 25® 

The two solutions of antimony and of hyposulphite being prepared, 
wo proceed as follows —We pour mto a stoneware vessel 4 litres 
of chloride of antimony, 6 litres of water, and 10 litres of hypo¬ 
sulphite of soda. The precipitate caused by the water is rapidly 
dissolved in the cold by the hyposulphite. The vessel is then placed 
in a hot-water bath, where the temperature of the mixture is 
gradually raised. At about 30“ C. the precipitate of sulphite begins 
to form; it is orange-yellow at first, and becomes darker afterwards 
At 66“ C the vessel is removed from the wateivbath and the pre¬ 
cipitate is allowed to settle, which it does rapidly. The mother- 
liquors are decanted, and the deposit is washed, first with water 
holding ^ of HCl, and afterwards with ordinary water. Lastly, the 
precipitate is collected upon a filter and dried. The wet vermilion 
of antimony is of an exceedingly bright red ooloqr, after drying, it 
loses part of its brightness. This pigment may be prepared m the 
cold, but the product is finer and more constant if we operate in the 
manner just descnbed. 

“Bemg certain to reproduce my new sulphide whenever it is 
desired, I have undertaken its analysis. But as the determination 
of the antimony is very difficult, and as there is no known method 
sufficiently accurate for the purpose, I have determined the sulphur 
and calculated the antimony by difference It has also been necessary 
to determme the proportion of water. Moreover, I have compared 
the oftnge-yellow sulphide with my own, and the result is — 

0*668 of orango-yellow sulphide loses 0 088 at 200® 0. 

0*808 of red sulphide loses 0*009 at 200“ 0 

“ This proves that the vermilion of antimony is an anhydrous sub¬ 
stance, and that the above shown is due to imperfect drying. 

“ There now remams to prove by analysis that the vermihon of 
antimony differs from the orange-yellow sulphide by only one 
equivalent of water. This explains the new properties of the red 
sulphide. I have found by analysis:— 

Water . ... 1*1 

Sulphur . , 26 7 

Antimony (by difference) . . 72 2 

100 0 

which composition proves that the equivalents of sulphur and antimony 
are in the ratio 3 1** 
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M. E Kqpp * says ’—“ The sulphide of antimony, aocordmg to it 
physical state and its mode of preparation, may present ver 
vaned colorations. It is crystalline and black-gray in the nativ 
state. When kept in the molten state for a long time and sud 
denly cooled, it becomes hyacinth-red Precipitated by sulphurettei 
hydrogen from an antimomo solution, it is of an orange colon 
more or less red. In the kennes state it is red-brown. Lastly, whei 
obtained from the reaction of a soluble hyposulphite upon the ohlond 
of antimony, its red colour is more or less bright, and more or les 
orange or crimson, m accordance with the temperature employed am 
the concentration of the hquors. 

“ This latter reaction was mdioated by several chemists, who gav 
recipes for the regular manufacture of the fine red sulphide o 
antimony, which was called vermihon of antimony. 

“ All of these methods are based upon the employment of hypo 
sulphite of soda and chloride of antimony in quite concentrates 
solutions, and they present various inconveniences. 

“ In the process which I have followed, the vermihon of antimon, 
IS obtamed by the reaction of the chloride of this metal upon 
dilute solution of hyposulphite of hme, and the mother-liquors ar 
used several times, and are thrown away only after they contam to 
great a proportion of chloride of calcium. 

“ I am gomg to describe successively the various operations in th 
manufacture of the red sulphide of antimony. 

“1. Prepa/ratioTh of the Chloride of Antimony ,—The decompositio 
of the sulphide by HCl is very easy m experimental laboratories, bu 
the operation presents great difficulties when we have to work upo 
large quantities of matenals. 

“After a senes of experiments (employment of leaden vesseh 
heating stoneware vessels in sand and pitch baths, etc ), I foun 
that it was much better to roast the sulphide of antimony at 
moderate temperature in contact with air and steam. The greate 
part of the sulphide is converted into oxide of antimony, and th 
sulphurous acid produced m the manufacture of the hyposulphite c 
lime. The oxide of antimony is then easily dissolved in commerou 
hydrochloric acid. 

“If, durmg the oxidation of the sulphide of antimony, there 
produced a certain proportion of antimomous acid, but slight! 
soluble in HQl, it may be saved by collecting the residues froi 
- the treatment with hydrochloric acid, and washing them with chloric 
of calcium or hyposulphite of hme, which dissolves the adherei 

* BulUhn de la SotyM induslrtelle de Mulhornty vol xx, pp. 879 tt seq 
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ohloride of antimony They are then dried and melted with a 
certain proportion of antimony sulphide and quicklime, in order to 
transform the whole mto antimony green The addition of a small 
quantity of quicklime is mtended for decomposing the small pro¬ 
portion of chloride of antimony which may still remain in the 
Residues. 

“2. Preparation of the Eyposidphite of Lvme. —This salt is cheaply 
prepared by the action of sulphurous acid upon the sulphide or poly¬ 
sulphide of oaloium, or the oxysulpbide The sulphurous acid is 
produced by burning brimstone or roasting pyntes or sulphide of 
antimony. 

“The polysulphide of oaloium is prepared by boiling finely ground 
sulphur with newly slaked lime and sufficient water It is advan¬ 
tageous to add to this solution of polysulphide a certain proportion 
of powdered oiysulphide of calcium, which is the residue of the 
Imviation of crude soda. In the absence of oxysulphide, quickbme 
may be added. 

“Sulphurous acid, m its reaction upon the sulphide and oxy¬ 
sulphide of oaloium, sets sulphur free and forms a sulphite of lime, 
which, m the presence of sulphur and undeoomposed sulphide, is soon 
transformed mto hyposulphite of hme The reaction is aided by 
the elevation of temperature which takes place in the apparatus 

“ The hquor is examined now and then to see whether it is alkaline, 
neutral, or acid As soon as it has become sbghtly acid, it is run 
from the apparatus into a largo settbng-tank, where it generally 
becomes neutralised by a certain quantity of undecomposed oxysul- 
phide of calcium held in it. If, after stirring for some time, the 
liquor preserves its acid reaction, sulphide of calcium is added until 
complete neutralisation is effected, which is ordinarily made apparent 
by a black precipitate of sulphide of iron. 

“After settbng for some time, the clear liquid is decanted, and 
forms a solution of nearly pure hyposulphite of hme The same 
vessel IS subsequently used for neutralismg the liquors obtained 
dunng the process of manufacture, 

“ 3 Preparation of Vermilion of Antimony» —The red sulphide of 
antimony is prepared with the above solutions of chloride of antimony 
and of hyposulphite of lime 

“ The apparatus consists simply of several wooden tanks, holding 
from 20 to 30 hectolitres each, and raised about 1 metre above the 
floor. These tanks are so arranged that they may be heated by 
steam, passed through a copper or lead pipe, opening about 2 deci¬ 
metres from the bottom, or, what is preferable, through a coil of 

11 
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pipes, the condensed steam of which may he carried outside, witho 
bemg mixed with the liquors In this manner we avoid the useh 
dilution of the hquors produomg the vermilion of antimony. 

“ When the pressure of the boilers has reached two or three atn 
spheres, the tanks are filled with the solution of hyposulphite of hi 
up to seven-eighths of their height We then pour the solution 
chloride and antimony into the first tank, 2 or 3 litres at a tin 
There is formed a white precipitate which is rapidly dissolved at t 
beginning; but when solution becomes slow, even when the liqu 
is stirred, the addition of chlonde of antimony is disoontmuc 
because there should always be a certam excess of hyposulphite of Im 

“ The hquor of the tank should be perfectly clear and limpid; 
there is any white precipitate, it should be dissolved by adding sm 
quantities of hyposulphite. 

“ Steam is then let m, and the temperature of the liquors is gradua 
raised to 60" or 60" or even 70" C while stirring goes on. The reacti 
soon becomes manifest; the liquid is successively coloured a stra 
yellow, then a pure lemon-yellow, orange-yellow, orange, reddif 
orange, and lastly a very deep and bright orange-red. The steam 
then stopped, and the acquired heat of the liquid, aided by a sl< 
stirring, is sufficient to complete the reaction, and impart to t 
colour its maximum of intensity. Should the heating be oontinu* 
the red-orange colour would pass successively to a pure red, then 
a more or less crimson red, which m its turn would grow darl 
and darker, and become brown, blackish brown, and, lastly, neai 
black • 

“We see that by graduatmg the temperature it is possible 
obtam all the intermediate hues between orange and brown-bla( 
The tank is covered, and the coloured precipitate is allowed 
deposit. 

“ The clear and limpid liquor, which smells strongly of sulphurc 
acid, IS decanted through holes bored m the tank at di^erent heigh 
and is conducted by means of leaden pipes or wooden troughs into 
large quantity of sulphide and oxysulphide of calcium The sulphi 
ous liquor regenerates a certain proportion of hyposulphite of lime 

“ As the sqJ.ution of chlonde of antimony always contains a lai 
proportion of chloride of iron, it becomes easy to watch the worki 
of this latter operation. All the iron remains in solution m t 
mother-liquors of the sulphide of antimony ; but as soon as these £ 
brought m contact with sulphide of calcium the msoluble sulphi 
of iron is formed. As long as the black precipitate remains, t 
mother-liquors, charged with sulphurous acid, have not been add 
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in excess j but when they are in excess the black precipitate dis¬ 
appears, owing to its being changed into the soluble hyposulphite of 
iron The contents of the reservoir are then well stirred, and, if 
necessary, sulphide of calcium is added, until the black precipitate 
of sulphide of iron reappears and remains permanent. At the same 
time a oertam proportion of hyposulphite of iron should remain in 
solution This condition is ea^y fulfilled when we operate upon a 
sufficiently large amount of materials After the precipitate has 
settled the liquor is decanted, and is a neutral solution of hypo¬ 
sulphite of lime, with a certain proportion of hyposulphite of iron 
and of chloride of calcium. 

“We should carefully avoid, in this regeneration of the hypo¬ 
sulphite of lime, leavmg in an excess of sulphide of calcium, which 
will impair the coloration of the vermilion by oausmg the formation 
of the ordinary orange-yellow sulphide of antimony Therefore, if 
the solution of hyposulphite of lime be yellow and alkaline, a liquor 
charged with sulphurous aoid should be added, until complete 
neutrahsation of the alkalme reaction. 

“ This solution of hyposulphite of lime, like the first, is employed 
in the preparation of a new quantity of vermilion of antimony. The 
mother-liquors, charged with sulphurous aoid, are again neutralised 
in the large reservoir by a new proportion of sulphide and oxy- 
sulphide of calcium, and so on, until the Lquors become so much 
loaded with chloride of calcium that it becomes necessary to throw 
them away, or to reserve them for some other purpose. But this 
takef place only after twenty or thirty operations. 

“ It IS even possible to save the sulphurous acid in these exhausted 
mother-hquors, by saturating them with a milk of lime. This pro¬ 
duces a precipitate of oxide of iron and of sulphite of lime, and leaves 
ohlonde of calcium only m the mother-liquora The precipitate, 
mixed with sulphide of calcium, is transformed by sulphurous 
aoid into the hyposulphites of lime and iron. And if the pro¬ 
portion of iron be too great, it may be precipitated by a sbght 
excess of milk of lime. 

“ The precipitate of vermilion of antimony left on the bottom of 
the first tank is received into a oonioal cloth filter, and the dramed 
hquors are added to those of the reservoir. The tank is then rinsed 
with tepid water, which is mode to pass through the filter 

“ The washing of the vermilion should be done very carefully, and 
it IS often necessary to empty the contents of the filter mto a laj’ge 
volume of pure water and to wash the filtrate several times by 
decantation The red sulphide is afterwaids filtered again and dried 
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at the ordinary temperature or m a stoYO-room the temperature of 
whioh, IS not over 60" to 60“ C 

“ While the precipitate is settlmg m the first tank, a similar opera¬ 
tion takes plaoe in the second, and then in the third. During that 
time the first tank has been emptied, and its mother-liquors have 
been regenerated These are then brought back into the first tank, 
and another precipitation of vermihon of antimony takes place, jmd 
so on. 

“ 4 Properties of the Vermdion of Antvmony —The vermihon of 
antimony is in the state of a very fine powder, without taste or smell, 
and is insoluble in water, alcohol, or essential oils It is but little 
acted upon by the weak acids, even when concentrated, or by the 
powerful inorganic acids which have been diluted with water. It 
stands the latter acids better than the ordinary sulphide of antimony 
Concentrated and hot hydroohlonc acid dissolves it, with formation 
of sulphuretted hydrogen and chloride of antimony. Nitnc acid 
oxidises it, with the production of sulphuric and antimonic acids The 
vermilion of antimony is not sensibly acted upon by ammonia or the 
alkaline carbonates, on the other hand, the powerful caustic alkalies, 
such as potash, soda, baiyta, strontia, and lime, decompose it and form 
combinations which are colourless, or nearly so The colour is there¬ 
fore destroyed; consequently this pigment should not be mixed with 
alkaline substances A high temperature blackens it, and should 
the heat be such as to melt it, it becomes ordmary sulphide of 
antimony. 

“ The vermilion of antimony is an opaque pigment, without Auoh 
lustre or brightness, when mixed with water, thickened by gummy or 
gelatinous substances. On the other hand, when ground m oil or 
varnishes, it acquires great intensity and brightness of color, and has 
good body or covering power, bemg superior m that respect to red 
lead, orange mineral, the red subohromate of lead, and cinnabar or 
mercury vermilion. A well-prepared vermihon of antimony, ground 
in oil, gives possibly the purest red color, that is to say, it is mot 
tmged orange, or pink, or onmson, but it often has a brownish hue. 
It is perfectly unalterable by air or light, and may be mixed with 
white lead, which is not blackened by it, even after several years It 
does not assist or hinder the drymg of od. Therefore the vermihon 
of antimony is a pigment especially fitted for oil-pamting, and its low 
price and oovermg power render it advantageous for carriage and 
house pamtmg ” 

(d) Antimony Yellow — (a) Naples Yellow ,—This pigment, which 
is obtainable by combining lead oxide and antimonic acid together, 
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has been found native in the lavas of Vesuvius. There exist- many 
processes for manufacturing it Aooordmg to Brunner, a German 
chemist, it can be produced thus i—mixture of 2 parts of tartar 
emetic and 4 parts of marme salt is oaloined gently m a Hesse 
crucible just to the point of fusion. After cooling, the mass is 
crushed and then washed with water. 

(fi) Messrs HaXUt and m 1861 took out a patent in 

England for manufacturing antimony yellow This is produced by 
usmg the oxides and the sulphides of antimony, with variable pro¬ 
portions of antimony, oxide of iron, silica, water, and sometimes 
arsemc, gi'ving rise to various hues from a light yellow to a yellowish 
red. The gangue is removed as far as possible by picking and 
washing the ore, after which it is ground and sifted. The ground 
mass IS mtroduoed into large crucibles, muffles, or reverberatory 
furnaces, where it is carefully calcined at a dull red heat with access 
of air. The mass is constantly stirred m order to prevent too high 
an elevation of its temperature. During the operation, the powder 
emits steam, sulphur, sulphurous acid, fumes of antimony and 
arsenic, and becomes less fusible. The calomation lasts for from two 
to three hours, and is completed when vapours and fumes are no longer 
disengaged and when all the antimony has been transformed into 
anhydrous antimonious acid. The impure antimomous acid is 
reduced to an impalpable powder by grmding and levigation. After 
drying, it forms with oil, varnish, etc, a pigment which may be oom- 
bmed with oxides or salts, such as zinc oxide, white lead, chromate 
of lead The yellow pigment is obtained when the following con¬ 
stituents are mixed together: 8 parts of native oxide of antimony, or 
of the oxide mixed with the sulphide, or the impure antimomous 
oxide obtained by the above-mentioned process; 3 parts of red lead or 
litharge, and 1 part of oxide of zmo. This mixture is powdered and 
oalcmed m crucibles, muffles, or furnaces, until oombmation is 
effected and the final yellow colour has appeared The mass is then 
finally powdered and ground in oil or in varmsh. By varymg the 
proportions, one can obtain various tones and hues of Naples yellow:— 

I. 11. III. IV. V VI 

Antunonions aoid . . 4 1 S 1 1 2 

Oxide of lead . 2 2 3 1 1 1 

Oxide of zmo . 1 1 1 1 . 

In trade this pigment goes under various names, such as Naples 
yellow, jaune, solid yellow, antimony yellow 

(y) The Process of MeromS —A mixture of 3 parts of finely . 
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powdered bismuth, 24 parts of powdered stibmte, and 64 parts of 
saltpetre is melted and is poured, while molten, into water The 
mass thus obtained is brittle and is finely powdered, washed and 
dned, and is melted with 128 parts of htharge and 8 parts of sal 
ammoniac This yellow pigment has almost fallen into disuse, 
because of its instability and the high price of bismuth. 

(8) The yellow pigment can also thus be obtained •—Melt together 
16 parts of litharge, 1 part of sal ammomao, part of antimonate of 
bismuth (obtamed by heatmg a mixture of 30 parts of bismuth, 240 
parts of antimony sulphide, and 640 parts of nitre), and, after 
complete fusion, pour into water 

(e) Antimony Yellow of a Pernrument Gha/racter {^,jav/rw8flxe^ — 
This con be obtained by employing autimomo acid, produced by treat¬ 
ing the perchloride of antimony with water and the residue with 
hydrochloric acid It can also be prepared by slowly calcining 
antimonate of protoxide of iron, obtained by double decomposition, 
in the air. The result thus obtained is very resistant to the action 
of sulphurous vapour. When ohlonde of antimony is treated with 
a current of sulphuric acid vapour, the resulting pigment is still 
more resistant to the action of sulphurous vapour. Sulphuric acid, 
which, as a rule, is very injurious to Naples yellow and blackens it, 
is in this case a good agent for vivifymg the colour. Various hues 
of yellow pigment can be obtamed by addmg to it an oxysulphide 
formed by the action of sulphantimonate of sodium m a solution 
of sulphate of zino The precipitate is a very deep orange-ydlow, 
very insoluble, and is dried at 60“ A mixture of this with the 
persulphide m various proportions will produce hues of colour from 
lemon-yellow to orange yellow 

(c) Antimony Blue.—This pigment is, as yet, without an equal m 
the manufacture of artificial flowers It is thus produced •— A. dilute 
solution of potassium ferrooyamde is added to a clear solution of 
metallic antimony m aqua regia Aocordmg to Krauss, this is merely 
a Prussian blue obtamed from the ferrooyamde used, which is de¬ 
composed by the strong acid, with evolution of hydrocyanic acid, the 
antimony thus possessing no colourmg principle 

{f) Antimony Violet —This is obtamed by mixing antimony ver¬ 
milion and either antimony blue or other lands of blue together 

{g) Antimony Green —This is obtamed by the mixing of antimony 
yellow and antimony blue in different proportions. 

(A) Antimony Orange.—B Wagner recommended the use of 
Bulpho-antimomte of barium mixed with artificial sulphate of baryta 
{hlcvncfixe) as fumishmg good pigments for painting 



THE ANTIMONY PREPAKATIONS AND THBIlt USES. 167 


This pigment can be produced thus;— 

Finely powdered siili)hate of baryta . , 2 parts. 

Native sulphide of antimony .... 1 part. 

Powdered charcoal . . , . 1 ,, 

This mixture lb calcined in a crucible of clay or graphite for several 
hours up to red heat. The crucible should remain closed until it 
becomes cold, because the carbonaceous matter contained in it might 
become inflamed, with explosion, if it remained open. The calcined 
mass is then boiled in water, and the insoluble residue—the sulphide 
of banum and calcium—is used m the mixing of the material for 
another operation. The filtered liquid has a pale-yeUow colour 
Dilute sulphuric acid is then added to it until the orange colour is 
entirely precipitated. The colour thus produced is mixed with blanc 
fiase. If a purer orange hue is desired, the solution of sulpho-antimomte 
of banum is boiled with ^ part of sublimed sulphur. The sulpho- 
antimomte of barium is then transformed into sulpho-antimonate, 
which has a composition analogous to that of Sohhppe’s salt. 

A yellowish orange colour is obtained when a dilute solution of 
sulpho-antimonate of sodium is treated with a mixture consisting 
of 1 kilo, of qmcklime, dissolved in 26 htres of cold water, 1 kilo of 
sulphate of iron protoxide, 1 kilo, of sulphate of zmo, and alum m 
amount varying according as the colour is required to be of a more 
yellowish or less red hue 

(^) Orange-red Sulphide of Antimony.—The patent of MM. 
Leclavre and Ba/rruel is to the following effect —1 part of natural 
Sb^8 18 pulverised and dissolved, with the aid of heat, in 7 parts of 
hydrochloric acid at 20" B4. The hydrogen sulphide given off from 
the first operation is condensed in a solution of milk of lime When 
all the sulphide is dissolved, the acid solution of antimony chloride is 
poured into stoneware vessels which have holes at different heights 
The liquor is diluted with water until it becomes turbid and a white 
precipitate appears. Then this is put into demijohns and is sub¬ 
mitted to a stream of hydrogen sulphide The liquor is occasionally 
stirred with a wooden stick, and the vessels covered to prevent the 
escape of the hydrogen sulphide, which is, however, led to a solution of 
milk of lime by means of tubes, and is absorbed therom. The sulphide 
thus obtamed is washed and dned in a stove-room heated to from 
40" to 60" 0., but not higher, otherwise it loses much water and turns 
black. 

{j) Miscellaneous Pigments —(a) A yellowish-red pigment can 
be obtamed by melting a mixture of 8 parts of the oxide with 2 
parts of the sulphide together Tins is known as crocus. 
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(P) When 8 parts of the oxide are melted with 4 parts of tb 
sulphide, the resultmg product has a dark-brown colour, and is know 
as foie d’antiiuome. 

(y) Antimomte of lead.—This is prepared by treating 60 part 
of metalho antimony with 20 parts of concentrated sulphuric aoic 
thereby obtaming sulphate of antimony This salt is heated unt: 
the evolution of acid fumes has ceased, and is then calcmed m 
crucible with 21 parts of dry carbonate of soda, with the productioi 
of antimomous acid. The fused material is boiled m water, and th 
solution is decomposed by neutral acetate of lead The precipitat 
obtained is antimomte of lead, which can be collected on a filter-clotl 
and then dried upon bricks m a stove-room heated to 60* C. 

(8) Antimonate of lead is thus prepared •—A mixture of 1 part o 
antimony sulphide and 5 parts of mtrate of potash is deflagrated n 
a red-hot crucible, or upon the bed of a reverberatory furnace Th 
calcined product is dissolved in boilmg water, and the solution thu 
obtamed is decomposed by neutral acetate of lead. The precipitat 
is then washed and dried. The antimonate of lead thus obtamed i 
white and heavy, and possesses a certain body 

(e) Kermes.—Its colour is browmsh yellow. It can be preparec 
thus:— 

Dry Method ,—In a crucible is melted a mixture of 6 parts of anti 
mony sulphide and 3 parts of dry carbonate of soda The mass 
after complete cooling, is treated with 80 parts of boiling water. 

Wet Method, —Bod, for three-quarters of an hour, 1 part o 
pulverised antimony sulphide with 22 parts of dry carbonate o 
soda, in 260 parts of water. 


3. Medicine. 

Antimony, by itself, cannot produce any effect upon the humar 
system, but only as a salt capable of being decomposed by the 
fluids of the body, espeoiaJly m the tartarised form, which, being 
the most soluble, has properly^superseded other forms Accordmg 
to Orfila, Flandin, Danger, and Milon, the solutions of antimony salte 
rapidly permeate the animal system and are readily eliminated with 
the urine. Under certain circumstanoes the salts of antimony con 
tamed in the solutions are deposited m the tissues, especially in the 
bver, the spleen, and the kidneys 

Several doctors, such as Navies, Van der Bosch, Hahnemann, 
Straok, Philip, have recommended the use of the salts of antimony iij 
the treatment of colic induced by lead paint 
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Official Preparation of Tartar Emetic (antimonii et potassii 
tartras);—Oxide of antimony in very fine powder, 2 oz ; bitartrate of 
potassium, fine powder, 2^ oz .; distilled water, 18 fl. oz. To the 
water, previously heated to boiling-point m a glass vessel, add the 
powders, previously mixed, and boil for an hour, filter hquid while 
hot, and set it aside for crystallisation 

gKHO^HA + Sba08= 2KSb0Q4HA + HgO. 

ArndpotasBium Tartar emetae 

tartrate. 

In small doses, it seems to increase the activity of the function of 
secretion, particularly of the mucous membranes, m large doses it 
causes vomitmg. It is also used in some eruptive or exanthematous 
fevers, m catarrhal affections, and as an omtment to be applied 
externally. 

Official Preparation of Antimony Trionde (antimomi oxidum):— 
Sulphide of antimony m very fine powder, 4 oz. troy, hydrochloric 
acid, 18 oz. troy, mtnc acid, 1 oz. troy, liquor ammomse, 1|- fl oz , 
distilled water. The sulphide is put mto a flask containing hydro¬ 
chloric acid, and is then digested by means of a sand-bath imtil 
effervescence ceases Then add mtrio acid gradually. When the 
mtrous acid vapours have ceased to be given off, the solution is 
allowed to cool. Add half a pint of water and filter Pour the filtered 
liquid gradually mto 12 pints of water, constantly stir it, and allow 
the precipitate to subside Decant the liqmd and wash the precipitate 
twicer on each occasion with 8 pmts of water Then transfer it 
to a muslin filter to drain, and wash it until the acid reaction ceases 
Introduce it mto a vessel and subject it to the action of hquor 
ammoni 80 for two hours Then transfer it to a muslm filter and wash 
it until the filtrate gives no precipitate when silver mtrate is added 
Dry it finally m a gentle heat 

SbaSs -I- 6 HOI=2SbGl + 3HaS 
12SbCll, + 16HaO = 2SbCl8. dSh^Os + 80HO1, 

2SbOl8 SSbaOg 4- NHj + SH^O = SSbaOj + 6 NH 4 OI. 

This oxide is used in the preparation of tartar emetic. 

Antimonii Sulphidum, SbaSg, is used almost exclusively in veteim- 
ary practice as an alterative. 

Other Antimony Compounds for Medical PurpoBes,— When crude 
antimony is powdered and is mixed with thrice its weight of mtrate 
of potash, and projected gradually into a red-hot crucible, it detonates, 
producing a white oxide combined with sulphate of potash This is 
the ‘‘solvent of liotiou or unwashed calx of antimony ” of the old 
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chemists. If the sulphate of potash be separated by repeated affusion 
of water, we have the oalomed antimony of the London Pharmacopoeia, 
which IS “ ceruse of antimony, or diaphoretic antimony 

By varying the proportions of nitrate of potash and sulphide of 
antimony, one is able to obtam different strengths of the resulting 
compounds, known els “mild antimomal emetic of Boerhaave,” 
“crocus antimomi, crocus metallorum, or hepar antimonii,’* “crocus 
antimomi mitrior,*’ and “ crocus antimomi medioinahs.” 

Antimony trichloride, in liqmd form, goes under the names 
“ liquor stibii munatici,” “ butyrum antimomi hqmdum,'* “cauterium 
antimoniale.’’ Besides these may be mentioned kermes (pulvis 
Carthusianorum, Sb^Sj + variable Sb^Og), antimony pentasulphide 
(golden sulphide of antimony, SbgSg), Algaroth powder (Sb02Cl), 
Sohhppe’s salt (NajSbS^ 9 H 2 O), antimoniate of quimne, etc 

4. Colouring Matter in Glass-making and in the 
Preparation of Artificial Gems, 

When antimony tetroiide is fused with antimony sulphide m suit¬ 
able proportions, the resultmg product is the trioxide, which always 
contains more or less of the sulphide. 

SbsS8+9SbA=10SbaO8+ SSOa., 

The colour of the impure trioxide varies according to the quantity 
of sulphide it contams This is known as “ antimony glass,” and is 
used as a colouring matter m glass-making and in the preparation of 
artificial gems » 

6. Colouring Matter in Pottery-Making. 

The use of antimony in pottery coloration was known to the 
ancients. This is evident from the fact that the Chinese have used 
the onde for a long time in the preparation of the yellow background 
and of carnation Nowadays various shades of the same colour can 
be obtained by the addition of either zmo oxide or of tin oxide, which 
has the effect of brightenmg the colour; or of iron oxide, to deepen 
the general tone of the colour; or of the oxides of chromium and 
cobalt, to give a greenish tint to it 

Yellow Pigment that can be Vitrified.—This is produced by com- 
bmmg the oxide of lead with that of antimony or with the antimonate 
of potash, obtamed by heating a mixture of 2 parts of metalho 
antimony and 5 parts of mtre in a crucible to red heat. The residue 
is washed with cold water This, with the addition of various 
proportions of oxides of zmo and iron and sometimes tin, is mixed 
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with the flux of Sevres No 2, which is composed of 6 parts of mimnm, 
2 parts of sand, and 1 part of melted borax 

Yellow No. 2 (for hard porcelain) 

Minium 

OryatalliBed bono acid 
Sand 

Diapboretio antimony 
Bed oxide of iron 

Tdlow No 3 (for hard porcelain) — 

Minium 

Crystalbaed bono acid 
Sand . 

Diaphoretio antimony 
Flower of zinc 


Yellow No. 4 :— 



No 2 flux . . . . 

. 880 pavta 

840 parts. 

Flower of zmc 

36 „ 

40 „ 

Yellow hydrate of oxide of iron 

70 

80 „ 

Diaphoretic antimony 

16 „ 

40 .. 


Yellow No 6 (for stoneware or glazed earthenware) :— 



Pala 

Yellow. 

Golden 

Yellow 

Antimonate of potassium 

60 

00 

60 

Minium 

90 

60 

00 

Caibonate of soda 

10 

16 


Hydroxide of iron . 

• 

12 

66 


Clear Yellow No 9 —This is suitable for hard porcelain ; but it is 
equally apphcable for enamel and light porcelain .— 

Orange mineral 
Sand d'!]&tampes 
Melted borax 

Acid antimonate of potat.h 
Hydrated carbonate of zinc 


Middle Yellow No 10 — 

Orange mineral . 120 parts 

Sand d’^Campea 40 ,, 

Melted borax 40 ,, 

Acid antimonate of potuah 40 ,, 

Hydrated caibonato of zinc 20 ,, 

Hydroxide of iron . 20 ,, 


% 
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De^ Yellow No. 11.—This is made like No 10, but 20 parts < 
coloothar or of red oxide are substituted for the oarbonate of zir 
« and the yellow oxide of iron 
Other yellows are :— 


No. 


1Z5 

9 

|(iH 

P R 

0 3 
.0 N 

El **-• 

6 ° 

0^ 

I'S 

41 

B Clear yellow for brown or 

76 

17 

8 


42 

green 

P.F. Jonquil yellow 

79 

14 

7 


43 

Deep yellow for brown or green , 

76 

17 

4 

4 

46 

Deep yellow 

76 

17 


8 

47 

Pale yellow for carnation . 

84 

4 

4 

8 


6. Colouring Matter for the Manufacture of Cloth and Paper 

The oxysulphide of antimony (ShS^O) has been used for thi 
purpose. 


7. Mordants 

The salts of antimony used as mordants are of two kinds—eithe 
basic or aoid, the former is used for thiokenmg, the latter for decoloi 
ising. The ordinary mordants are tartar emetic, double oxalftte c 
potassium and antimony, and fluonde of antimony. They are alway 
used after the appbcation of tannin, when they form antimon 
tannates. Oxymuriate of antimony is another form of mordant. I 
IS sold as a concentrated solution, made by dissolving metalh 
antimony m a mixture of hydrochloric acid and nitric acid, dilutee 
very cautiously to 80" Tw. (specific gravity r4). The tartar emetic 
as used, has the formula.— 



Of late, double fluoride of antimony and potassium, or of antimon; 
and sodium, have been used as substitutes for tartar emetic; als< 
double oxalate of antimony and potassium, SbKg ( 0204 ) 3 . GHgO, doubl 
fluoride, SbFg NaF, and the salt SbFB(NH 4 ) 2 S 04 are used. Th. 
essential thing for an antimony salt for use as a mordant is that 1 
shall be soluble in water, not be liable to precipitate antimony oxide 
and yet be readily decomposable. 
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8. Mordant for Dyeing. 

Fluoride of antimony, SbFg, is used as a mordant for dyeing. 
According to Rad (1890), the followmg reaction occurs — 

(NH4)HP04+26HF + 4Sba08=SSbFg. 2 NH 4 F + 12HjO + H 8 PO 4 . 

9 Vulcanising Eubber. 

The so-called Goldschw^el (antimony pentasulphide, S 
for this purpose It is thus made —Powdered antimon 
heated with sulphur and sodium hydroxide : 

4SbaSa + 8 S +18HNaO = SNajSbS^ + SNaSbOy + OHaO 

From this solution the so-called Schlippe^s salt, b 
crystallises out. HCl is then added to it 

NaSbS 4 -H 6H01=6Na01 -H SH 2 ^ Sb 2 Sg. 

According to Bertsoh and Harmsen, the following reactions 
occur — 

I 6 Na 3 SbS 4 + 8 SbClB = 4SbaSB + 16NaCl. 

II 10 NaaSbS 4 + 30HC1 + =SSbaSg SONaOl -i- I 6 H 2 O. 

10 Coating Articles 

Metallic antimony can be used to paint objects with, giving them a 
polisb^d-steel appearance. It is called “ iron black ” {BiaenaiJmarz) 
m trade, and can be obtained by precipitatmg a solution of antimony 
salt with zinc It can also be used for bronzing gypsum. 

The h&u/rre d'cmtvmoiTie (SbOlg) can be used for bronzing copper 
and iron, and preserving them from bemg oxidised by the deposition 
of a thin layer produced by the action of the copper or the iron upon 
the chloride 

M, George Hyvert recommended the use of antimony fluoride to 
get rid of vegetable parasites that are so injurious to iron structures 
and rails * 

11 For the Manufacture of Aniline Yellow and Amline Bed. 

Antimonic acid, HSbOg -I- 2 H 2 O, has replaced arsenic acid in the 
manufacture of anilme yellow and aniline red 

* At present the railway companies in England and in the United States use u 
solution of arsenio compounds for this purpose 
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12. For the Fahrication of Dice-boxes, etc. 
An alloy of lead and antimony is used. 


13. MisceUaueous Uses. 

(а) If fluoride of antimony is heated with the sulphide, the siilpho- 
ohlorido IS formed. It is used in medicme, or as a corrosive and 
maoeratmg agent for wool. 

(б) It has been proposed to use heu/rre d’cmtiTnoine in the manu¬ 
facture of matches without phosphorus. 

(c) Oxide of antimony is used m the manufacture of artistic 
abat-jour (lamp-shades) and rSJiectmir en verre jmme opaqvs (yellow 
opaque glass reflector). 

(d) Antimony salts, particularly combined with fibrocol,* are very 
good antiseptics for incorporation with lime-wash and with the 
paste t used in the papiers coucfiis of painters 

(«) Thermo-eleotno couples 
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CHAPTER TIT. 

THE ANALYSIS OP ANTIMONY COMPOUNDS. 

This chapter is divided into the following parts.— 

A. Quahtative determination 
B Quantitative determination 

1. Dry method-fire assaying 

2. Wet methods. 

(a) Gravimetno 
(5) Volumetrio. 

(c) Electrolytio 
C. Special methods. 

A. Qualitative. 

The following is taken from Crookes *:— 

“ (a) Mmerals which contain antimony, when heated alone before 
the blowpipe on charcoal, or with the addition of 3 or 4 parte of 
fusion miiture (KjCOg + Na^COg), yield dense white fumes of anti- 
momouB oxide, which m great measure escape into the atmosphere, 
but which also in part become deposited on the charcoal suppoit, 
forming a well-marked white sublimate, or incrustation of the oxide 

“ These results, though certamly in most oases very useful mdioa- 
tions, do not furnish, to the satisfaction of the mineralogist, sound, 
conclusive evidence of the presence of antimony m the mineral tested, 
seeing that several other bodies ocoumng m the mineral world give, 
when heated before the blowpipe, exactly the same or nearly similar 
reactions. As a consequence of the hitherto inconclusive blowpipe 
evidence, mmeralogists have usually considered it essential when 
engfi^ged in correct work to supplement those indications by means of 
the accurate but tedious method of the ordinary wet way qualitative 
chemical analysis. 

* Select Methods in Cltemical Analysis^ by Sir W Crookes, pp 372 et saq 
4tb edition, 1905. Longmans, Green & Co, 
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“ With a view to remove the necessity of consuming so much vain- 
able time over the certain identification of antimony, Alexander 
Johnstone proposes the following exceedingly simple test, which he 
discovered and successfully applied while workmg among the various 
metallio ores of antimony 

To the white coat which will invariably form on the charcoal if 
the mmeral containing antimony be properly treated and heated 
before the blowpipe, add, by means of a narrow glass tube, a single 
drop of ammonium sulphide. If the white subhmate is composed of 
antimpniouB oxide, then the portion touched by the drop (or the part 
touched by the edge of the drop) will immediately become converted 
into the well-known and highly characteristic reddish or orange 
antimony sulphide 

“ As no other white coat producible on charcoal by beatmg a mineral 
in the Talowpipe flame becomes reddish or distinctly orange in colour 
when treated as above with ammonium sulphide, the value of this 
easily applied test must at once be apparent. 

“ (^) In the examination of mineral bodies for antimony the test 
substance is often roasted in an open tube for the production of a 
white sublimate Dr E. Chapman, Professor of Mineralogy at 
Toronto, recommends for the detection of antimony in this substance 
the following process—a method more especially available when the 
operator has'' only a portable blowpipe-case at his command :—The 
portion of the tube to which the chief part of the sublimate is attached 
IS to be cut oil by a tnangular file, and dropped into a test-tube 
oontaming some tartaric acid dissolved in water. This being warmed 
or gently boiled, a part at least of the sublimate will be dissolved. 
Some potassium bisulphate—either alone, or mixed with some sodium 
carbonate and a little borax, the latter to prevent absorption—is then 
to be fused on charcoal m a reducing flame, and the alkaline sulphide 
thus produced is to be removed by the point of the knife-blade and 
placed in a small porcelain capsule The hepatic mass is most easily 
separated from the charcoal by removing it before it has time to 
solidify. Some of the tartaric acid solution is then to be dropped 
upon it, when the well-known orange-coloured precipitate of antimony 
sulphide will at once result 

“ In performing this test, it is as well to employ a somewhat large 
fragment of the test substance, so as to obtain a thick deposit in the 
tube. It IS advisable also to hold the tube in not too inclined a 
position, in order to allow but a moderate current of air to pass 
through It, and care should be taken not to expose the sublimate to 
the action of the flame, otheiwise it might be converted almost wholly 
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into a compound of antimonious and antimonio acids, the greater part 
of which would remain undiasolved m the tartaric acid A subli¬ 
mate of araemoufl acid, treated m this manner, would, of course, 
yield a yellow precipitate, easily diatmguiBhable by its colour, however, 
from the deep-orange antimomal sulphide. The crystalline character, 
etc., of this sublimate would also effectually prevent any chance of 
misconception. 

“( 7 ) Dr A. Weller proceeds as follows for the estimation of 
antimony:—Antimonic acid and antimonio oxide, and in hke manner 
antimony penta- and tri-ohlonde, can be most easily distmgjnshed 
from each other by their different behaviour with potassium iodide. 
The property of the former, when in hydrochloric solution, of 
separating two atoms of lodme from potassium iodide for each atom of 
antimony can be used for the qualitative estimation of antimony In 
order to verify this method, weighed quantities of finely pulvensed 
pure metaUio antimony are oxidised in a flask at a gentle heat with 
potassium chlorate and hydrochloric acid, and the excess of chlorme 
IS expelled by strong heating The solution of antimony pento- 
ohloride thus obtained is mtroduoed into the flask of Bunsen's chlorme 
distillation apparatus by means of hydrochlonc acid, considerably 
diluted and mixed with a sufficiency of perfectly pure potassium 
iodide, avoiding too great an excess The liberated iodine is distilled 
into dilute solution of potassium iodide, observing all the precautions 
laid down by Bunsen, and especially cooling the retort well in flowing 
water. When cold the distillate is titrated m the usual manngr by 
means of very dilute sulphurous acid and an iodine solution of known 
strength. The distillation requires from five to ten minutes 
PorticulaTly important is the fact that stanmc acid and stannic 
ohlonde in acid solutions do not decompose potassium iodide Tins 
behaviour renders it possible to estimate antimony m presence of 
tin, as in alloys, easily and accurately. The tin is calculated as 
difference ” 

The detection of the impurities accompanying the sulphide can be 
made thus:—The mineral is pulverised and is heated with concen¬ 
trated hydrochlonc acid, until all of it enters into solution The 
lead will separate out in the form of lead ohlonde, upon the cooling 
of the hquid Water added to the clear supernatant liquid will 
cause the precipitation of antimony oxychloride (SbOCl), a white 
powder, while iron and copper remain m solution Copper may be 
detected by the blue coloration when a few drops of ammonia are 
added to the filtrate, while the presence of iron may be proven by 
the addition of a solution of potassium ferrooyanide 
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B ftuantitative. 


1 Dry Method— AsBaying. —Dr J. Clark says {Jc/iim Soc 
Ghem. Ind,^ 1896) that fire-assay for antimony ore is inaccurate, and 
refers to Camot^s investigation upon the same subject (Annalea des 
MiTiea, vol i), wherein it was shown that results were rarely within 
8 or 9 per cent of the truth. 

In assaying antimony ores it is necessary to determine one of the 
following things — 

(a) The pure sulphide of antimony (antimony crude) which the ore 
may contain 

(^) The metallic antimony (antimony regulus) which the ore may 
yield, 

(a) The DetermiTUhtion of the Sulphide of Antmiony —The ore is 
first broken into small piecefe, which are then charged mto a crucible 
with perforated bottom This is fitted into a second crucible for about 
half its depth. The lid of the first crucible and the joint between 
the two crucibles should be luted with fire-clay and sand Only 
the upper crucible is heated, while the lower one is allowed to pro 
trude into the ash-pit of the furnace. Thus the sulphide is melted 
and coUeots m the lower crucible. 

(^) The DetermiTiation of Metallic Antimony .— 

1. The ore is in the oxide state — 


Oie 

Soda (NaHCOg) 
Argol . 

Salt 


10 gmis, 
26 „ 

6 „ 
cover 


The heat must be carefully regulated, and the assay should be 
taken off the fire as quickly as possible 
2. The ore is a sulphide or an oxide .— 


Ore 

Cyanide of potaBsium 
Salt 


. 10 grni3 

. 86-40 „ 
cover 


The heat applied must be low, and the operation must be a quick one 
The button obtained should be cleaned by washing only, and not 
by hammering, as it ts brittle. The button could be tested for iron 
or other impurities present The foreign metals can be separated 
by treating the biokon button with concentrated nitric acid, winch 
converts the antimony into an antimonic acid precipitate Filter, 
wash, dry, and ignite The weight multiplied by 0 790067 gives 
the metallic antimony. Often this step is unnecessary, as the 
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volatilised antimony can more than oounterbalanoe the impurities 
that may be present ^ 

2. Wet Methods— (a) GravumeVriQ ,— (a) BetermvmUon as Tri- 
sulphide^ SBgSg —HgS is passed for twenty mmutes into the cold s61u- 
tion of an antimonite or antimonate. Tiie solution is then heated to 

P*-Filter plate 


Fig. 68 . 

boilmg, the current of HgS being still mamtamed up to fifteen minutes 
after the commencement of boding. TIjb dense precipitate is then 
filtered through a Gooch crucible.* It is then washed with 60 to 76 
per cent, of very dilute and hot acetic acid mto which HjS has been 
passed, dried, and heated in a Paulas drying-oven to 230“ for not 



more than half an hour The sulphur volatilised from the precipi¬ 
tate is collected in watch-glasses. As soon as all the sulphur has 
been driven off, the cruciblef is allowed to cool and is weighed. 

{P) DetermiTiation as Tdroxide^ Sb^O^, according to Rossing —The 
sulplude of antimony, precipitated from a hot solution, is washed 
(1) with hot water, (2) with alcohol, (3) with a mixture of alcohol 

* For a short desonption of this crucible, mde pp 24-26, Hall’s Analytical 
Chemistry, vol u , N.Y,, Wiley & Sons, 1906 
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and carbon bisulphide, (4) with alcohol alone, and (6) with ether. 
Dry the precipitate by warming it slightly Remove as much 
precipitate as possible from the filter on to a watch-glass, and use 
hot ammomum sulphide to dissolve the remammg portion upon the 
filter-paper, which is then evaporated to dryness in a weighed crucible. 
The mam part of the precipitate is then added to the crucible Pass 
fuming nitnc acid into the crucible covered with a watch-glass. 
After the first violent action is over, the crucible is heated in a 
water-bath until the evolution of gas has entirely ceased. Remove 
the watch-glass and evaporate the contents of the crucible to dryness. 
In order to oxidise all the sulphur, this operation is repeated. The 
HgSO^ formed is eventually driven oflF by carefuj heating over a free 
flame The open crucible is placed in the opening of an inolmed 
disc of asbestos board, and the temperature is gradually increased 
until the full heat of the Teolu burner is obtained, 

(y) EstiTmtion of Anivimny in Natwe Svlphide of Antimony^ ao- 
cordmg to Crookes.—The mineral is powdered, and 20 grains of it are 
taken They are treated with a slight excess of HCl, and the mixture 
IS gently heated until the HgS has completely evaporated The 
solution 18 then filtered, and the filter is washed with dilute HCl. 
The solution is then slowly evaporated in the flask until it is concen¬ 
trated enough and freed from the eicess of HCl. The antimony is 
now in the form of trichloride A newly prepared solution of gallic 
acid IB carefully added to a slight excess. Hot water is next added, 
and the precipitate of antimony bigallate is washed, dried, and 
weighed. The filtrate can be tested for iron, lead, copper, silver, 
arsemc, and, sometimes, zinc, cobalt and other metals remaining 
in solution As iron is difficult of complete separation in the 
presence of gallic acid, other well-known methods are used for its 
determination 

According to Mr L Parry, the determmation of antimony by the 
gi’avimetno method, especially if estimated as SbOg, is quite 
unrehable. 

{h) Volwmetne. —(a) Mohi^s Method * —Conversion of antimoiuous 
acid in alkaline solution into antimonic acid by lodme 

Antimonious oxide, or any of its compounds, is dissolved in tartaric 
acid and water , sodium carbonate is used to neutralise any excess of 
the acid used , then a cold saturated solution of sodium bicarbonate 
is added in the proportion of 10 c c to about 0 1 gramme SbgOg, to 
the clear solution starch is added, and iodine until the blue colour 
appc.irs This operation must bo done quickly, as when the bicar- 
* This IB a usolul method when coyiper js fibsent,* 
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metal is soon precipitated as antimonious hydrate 
me has no effect. 

Method of PetriccioU and Reuter —The antimonj 
0'6 to 1 gramme of it is taken and treated first with 
60 0 0. of hot water and then with 60 o c of pure strong hydrochloric 
acid It is heated on a sand-bath up to 70“ C. All the antimony u 
about from thirty to sixty minutes It is nexi 
isidue washed, first with water containing HCl anc3 
-er. The filtrate, after the addition of some tartanc 
'60 0 0 and heated to 79" C. HgS is passed through 
jipitate. This is filtered, washed with HgS water 
to, the onginal precipitation vessel with the aid oi 
1 c c. of strong HCl and warm the solution (bui 
d no more HgS is evolved Dilute the hquid 
' ]ust observed, this tuibidity is removed by 
Then titrate with potassium permanganate 
represented as follows •— 

IKUuOi =SSbOle'iKCl + 2Mii01a + SH.jp. 

reaction is sharp If 6 27 grammes of pure 
ite be dissolved per litre of solution, 1 c o 
' 1 per cent, of antimony with 1 giainme 

Gomptea Rejidus, 1897, describes a new method 
i estimation of antimony, which is based upon the 
iious acid, free or combined, reduces iodic acid, ^th 
antimomo acid and the liberation of a pioportionate 
iodine, the reaction being thus .— 

5Sb203 + 4 HIO 3 ~ Sb205 + 4l + 2H20. 

utions required are • lodio acid, 60 grms in 260 0 0.; deci- 
Bodium thiosulphate; 20 per cent potassium iodide; and 
paste Into the fiask of a Fresenius or Mohr’s iodometric 
ns, 0 6-0 6 gramme of antimonious oxide is weighed, 20-26 
lodio acid are added, and 10 c.c of potassium iodide solution 
are placed m the condensmg apparatus. The contents of the flask are 
boiled until colourless, and the cxillected iodine determined with 
thiosulphate. From antimony compounds the sulphide is precipi¬ 
tated by sulphuretted hydrogen, then dissolved m HCl, and the oxide 
obtained by the action of sodium carbonate. The halogen acids, 
sulphuious acid, and sulphuretted hydrogen must be dissolved in 

, * Taken from Mineral Mmiry 
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tartaric aoid or potassium bitartrate, which are without action on 
iodic acid. 

(8) Joseph Hanns,* in Gh^mik^ Zeitung^ 1897, proposes to deter¬ 
mine antimony volumetrically by precipitating it as sulphide, filtering 
and washmg the precipitate with water; the precipitate is washed 
into a beaker and feme sulphate added (either m powder or in 
solution) in the proportion of 6 parts to 1 part of antimony 
sulphide The solution is then boiled for fifteen minutes. The 
reaction is:— 


SbaSj + 6 Fe 2 (S 04)3 + 6 H 2 O = +lOFeSO^ + SHaSO^ + 38. 

The contents of the beaker are then diluted considerably, and 16 0.0 
of concentrated sulphuric acid are added for each gramme of ferric 
sulphate used. The solution is then cooled quickly to 25" C, and 
titiated to a faint rose colour with potassium permanganate The 
permanganate solution is made up to a strength of 1 to 1 6 grammes 
per litre and is standardised against antimony tnoxide The amount 
of antimony sulphide in the precipitate treated with the feme sulphate 
should not exceed 0 2 to 0 3 gramme 

(e) Dr Clark, * in Soc Ohem Ind ^ 1896, recommends for 

antimony ores and alloys a modification of Mohi’s method t of titration 
with solution of iodine — 

If the ore is free from arsenic ami iron, dissolve in HCl, drive 
off H^S by heat, add tartanc acid or Rochelle salt, make alkahne 
with Jl^aHCOg, and titrate. 

If iron IB present, dissolve in HCl, precipitate with HgS, re- 
diBsohe m HCl, and proceed os before. 

If arsenic is present, dissolve in HCl + FegClg and distil off the 
arsenic, precipitate Sb with HgS, and pioceed as under The 
arsenic distilled off may be condensed and estunated by titration 
with solution of iodine 

Sj When the ore or alloy contains tin, dissolve in HCl + FegClg, 
distil off As, precipitate Sb with metallic iron, redissolve, after 
washing m HCl plus a little KCIO 3 , filter off the insoluble impurities 
derived fiom the iron, precipitate Sb with HgS, and proceed as 
under 

According to Mr L. Parry, the most accurate and practical methods 
are, titration of SbgOg with iodine m alkaline solution, and titration 
of iodine liberated by action of SbCl^ on KI in HCl solution 


* Taken from Mineial Industry, 
t V’lde paiugrapli (a) of the present chapter. 
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The other voliuietno methods that may be mentioned are :— 

(1) Solution of precipitated Sb m H 3 SO 4 and titration with KMnO^ 

(2) Titration of precipitated Sb with FeClg m a boiling HC] 
solution. 

(3) Titration of precipitated Sb with bichromate after solution ir 

FeCl^ 

(c) Meci/rolytic. —(a) According to Smith, antimony, when preoipi 
tated from a solution of its chloride, or from that of antimon 3 
potassium oxalate, does not adhere well to the cathode From £ 
solution of potassium antimonyl tartrate it is deposited very slowly, i 
cold ammonium sulphide solution is good, but its use 15 not pleasant 
Hence potassium or sodium sulphide is resorted to, but must noi 
oontam iron or alumina The antimony solution, mixed with 80 0 0 
of sodium sulphide (sp. gr. 1 13-1 16), is diluted with water h 
126 cc., and acted upon at 60“-66° by a current of 
1 ampere and 1*1-1 7 volts Two hours are required to fully pre 
oipitate the metal Then treat the metal with water and pur< 
alcohol Dry it at 90" The solution must be absolutely free fron 
polysulphides But as the antimony sulphide obtained in the ordinarj 
course of analysis always contains sulphur, this must be eliminated 
Add 60-70 O.O. of a 26 per cent, solution of sodium sulphite to th< 
solution after the addition of sodium sulphide in excess; then hea 
the hquid until it is completely decolorised, and allow it to cool I 
18 best to pass a current of 0 26 ampere. Wash deposit with water 
alcohol, and ether 

(^) The Bulpho-Balts of antimony, as proposed by Parrodf an( 
Mascazzim, Luokow, Classen and V. Reiss, and Classen and Ludwig 
are the best for obtammg an antimony deposit by electrolysis. 

“ The determination of antimony by the electrolysis of its sulphc 
salts IS one of the most oonvement and useful of all eleotrolyti 
methods, and is ^ne that is frequenl^jly used in actual practice. I 
is especially convenient, because the form of solution in which th 
antimony is obtained m the usual coarse of separation from the othe 
metals can be directly electrolysed. 

“A solution of 1 grm. tartar emetic in water is treated with 
solution of sodium sulphide until the precipitate which first forms 1 
rediasolvhd The mixture, after dilution to 160 00 , is electrolyse 
at normal temperature with a current of 0*6 to 1 0 ampere and 1 * 
to 1*8 volts To see whether, all the antimony has been depositee 
a small test portion of the electrolyte is taken and is heated with 
few drops of dilute sulphuric acid, and if antimony is present ther 
will appear a reddish colour. One may i-aise the basin to see whethc 
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any eleotiolysia is still proceeding on the newly attacked part of the 
electrode, but this is not satisfactory. Generally at the cathode 
the antimony deposit is bright, metalho, and silver-gray m colour, and 
the anode is covered with sulphur. The sulphide solution must not 
oontam any polysulphides They are, however, produced in the 
electrolyte dunng the course of the electrolysis, and, as soon as they 
are discovered, hydrogen peroxide must be added, and also a fresh 
amount of sodium monosulphide. If the current used is allowed to 
continue for too long a time, the edges of the deposit may be dissolved, 
and this redissolved antimony cannot be separated from the electrolyte. 
Hence it is preferable to carry out the electrolysis with hot solutions 
and strong currents m a short time. The deposit of antimony on 
the platinum electiode can be removed by means of hot nitric acid, 
or be converted into the white oxide of antimony, which is redissolved 
by adding tartaric acid and rinsing out with hot water ” * 

C Special Methods. 

1, For Alloys of Tvn^ Lead, Antimony, and Goi>per co7itaimng 
little Arsenic , such as type-metal, solder, anti-friction metals, etc t 

SbOlg m HCl solution oxidises KI. The liberated lodme may be 
titrated with stannous chloride— not wiik hypo. 

In this method the presence of tin (as SnCl^) and lead has no effect 
whatever on the titration, mdeed, the titration is done with SnClg 
Copp^, arsemo, and iron, when present m solution in their highest 
state of oxidation, are reckoned as antimony, and should be estimated 
and allowed for, this being preferable to separating the Sb from them. 
Fe IS rarely present, but in the case of alloys with more tha/n 1 per 
cent. As, it is advisable to dissolve m aqua regia and to separate the 
Sb and As as sulphides, as it appears that in some cases, when an 
alloy rich in arsemo and tm is boiled with HCl, there is a considerable 
evolution of HgAs This matter is imder mvestigation. Arsenic, 
however, is rarely present in the above alloys in quantities greater 
than 1 per cent 1-3 grms. of fine filmgs are weighed into a 16-oz 
flask and boiled gently with 160 o.c. HCl until action ceases and 
moat of the Pb and Sn is dissolved To complete the solution, add 
cautiously a cold saturated solution of KClOg, which also peroxidises 
the metals After solution is complete, add a little KCIO3, and make 
sure that excess of chlorine is present The solution is diluted with 

* Taken from Neumann’s work 

t Taken from The Assay of Tin and Antimony^ by L. Parry, Mining Journal 
Office, London, 1900 
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rather less than an equal bulk of water, and boiled until free fro 
chlorine. In practice, half an hour is a sufi&oient length of time; tl 
most practical and most delicate test of the absence of free ohloni 
m the cold solutions is the sense of smell. The assays should n 
be boiled to a smaller bulk than 150 o o, as the chloride of antunoi 
IS volatile Allow the assay to cool ; when quite cold, fill the flai 
with COg from a Kipp apparatus charged with marble and HCl, a( 
20 0 0 . of a fresh 20 per cent solution of KI, and titrate as rapidly 
possible with stannous chloride. This is made by dissolving 10 grn 
of tin, or 20 grms. SnGlg 2 aq , m 300 c o. HCl and diluting to 1 hti 
It should be kept under COg, and must be standardised, every time 
is used, against a standard solution of bichromate made by dissolYn 
exactly 16 grms. of fine KgOr^O^ in 1 litre of distilled water 100 c 
bichromate •= 2 grms Sb, and 100 c o. SnClg^ about 1 grm Sb T 
assays, if overdone, are brought back with the standard biohroma 
(rapidly), but should only require a few drops at most, otherwise t 
accuracy of the assay is impaired. 

The asaays^have a great tendency to absorb oxygen after titratio 
hence the necessity for a COg atmosphere and rapid titration, especial 
m presence of As and On Further, the reaction in the case of As 
not mstantaneous, and only proceeds to completion at the same V 2 
as the iodine is liberated by SnOlg—being to some extent reversib 
Acid solutions of AsOIqj CugClg, FeClg, and of KI readily abso 
oxygen from the air, while SbClg is scarcely affected The biohromE 
remains qmte constant^ and it may be standardised agamst pure ir 
as a check on the weighing up. In standardising the stanno 
chloride, pour a little KI solution and starch paste into an 8^ 
flask, fiU the flask with COg, and run in rapidly 20 o o SnClg fr( 
the burette Theu titrate rapidly with K 2 Cr 307 . 

Ab=S b = Cua=Fea= 0, 

1 per cent. A8 = l 6 per cent Sb. 1 per cent Ou=0*946 per cent Sb 
1 per cent Fe = 1 *08 per cent Sb 

2. Analysis of Antimony Ore (the following is an abstn 
from Thos Brown, Jr.'s, article on the determination of antimo 
in ores, m the Jov/m. of Am, Ghem. Soc,, Sept 1899) —Impunt 
such as silica, iron, and hme would not materially interfere w 
the schemes of analysis used Lead, mercuiy, copper, tin, a 
arsenic, when found in quantities larger than traces, should 
separated from the antimony when its determination is by i 
method of sulphides; also tin and arsenic when the oxide method 
used A prehmniary qualitative test should always be made for l 
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purpose of modifying the sulphide method, and a quantitative one m 
order to estimate the true market value of the ore. 

Lead is .determined both qualitatively and quantitatively as the 
orange-yellow chromate (PbCr 04 ) For the qualitative test the 
finely ground ore is boiled with concentrated mtiio acid for several 
mmuteSj and, if a sulphide, until the sulphide of antimony is entirely 
converted mto the insoluble white oxide, then cooled and dduted. 
Ammonia is added m excess, then acetic acid m excess, and the 
whole heated for several minutes m order to bring the lead salt 
thoroughly into solution The insoluble matter is now filtered off, 
and the filtrate treated with an excess of potassium bichromate, which 
precipitates the lead as chromate from this ammonium acetate and 
acetic acid solution. The lead can also advantageously be determined 
quantitatively m this form from the sulphide precipitate remainmg 
on the filter after separatmg the Sb from the metals of the fifth 
group. 

For arsenic a combination of the Canby and Mohr methods is used 
One gramme of the finely powdered ore is mixed in a porcelain 
crucible with 8 to 10 parts of a mixture of equal parts of sodium 
carbonate and nitre, gradually brought to fusion over a burner or m 
a m-n ffle, and kept so for five mmutes or longer. The fused mass is 
allowed to cool, disintegrated in hot water, and the insoluble matter 
filtered off. The filtrate is now acidified with HNO 3 and the oarbomo 
filnd mtrous acid gases boiled off An excess of an emulsion of zmo 
oxidg is added, and should an unusually heavy precipitate of 
gelatinous sihoa and alumma he produced, a second filtration is 
necessary, also an extra addition of zmo oxide to the filtrate before 
the precipitation of the arsenic This is precipitated as the reddish- 
brown silver arsenate (Ag 3 AsOg) by the ciddition of silver mtrate in 
slight excess, acoompamed by vigorous stirring 

The precipitate, mixed with zmo oxide, is filtered, washed with cold 
watar until the washing shows no silver reaction, and dissolved off 
the filter with hot dilute nitno acid, catching the solution and 
washings in a beaker free from chlorine When cold, this is' 
titrated for silver with a solution of potassium or ammomum thio¬ 
cyanate, using loo of saturated solution of feme sulphate as 
mdioator, and titratmg to the same pale amber-yellow colour as Tvas 
obtained in standardising the solution against pure silver For the 
standard silver solution 1 grm of the pure metal is dissolved m 
HNOg, boiled to expel red fumes, and diluted to 100 c 0 . For the 
standard thiocyanate solution 9^ grms. of potassium thiocyanate or 
7 ^ grms of ammonium thiocyanate are dissolved and diluted to 
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1 litre, then 1 oo = 0*010 grm silver, and 108 silver =25 arsenic 
This same treatment, somewhat modified, is used in testing the or< 
qualitatively for arsemo. After fusion, the addition of aoid, boiling 
and the addition of zmo oxide m excess, the whole is filtered, and th* 
neutral filtrate tested for arsemo as before 

Ores are divided mto three classes. (1) the soluble ores, such ai 
stibnite; (2) the practically msoluble ores, such as oervantite ; (3 
the partially soluble ores, as oxysulphides (stibnite mixed with cer 
vantite). Ores of the first class are thus treated —1 grm. of th( 
finely ground ore is treated m a No 3 beaker with 25 c c of conoen 
trated HGl, covered and boiled until apparently decomposed and the 
solution does not occupy more than 15 o.o. m bulk. About 2 grms 
of tartaric acid are added, and as soon as these are dissolved from 4 
to 6 drops of concentrated HNO3 are also added, and the whole boiled 
for a short period. On cooling and diluting, H^S is passed through 
for about an hour, and the Sb precipitated as sulphide. After warm 
mg slightly, it is allowed to stand in the cool for an hour or more and 
then filtered. These precautions havmg been attended to, no more 
Sb will be precipitated either on standing or passing additional H^S 
If lead or other metals of the fifth group have been found, it may be 
necessary to dissolve the precipitate m excess of ammonium sulphjide. 
The antimony is agam precipitated as before. The precipitate, in 
any case, is well washed, and dried m an air-bath at 110“ C to con¬ 
stant weight. As the precipitate contains a certain amount of fret 
sulphur, it IS necessary to determme the amount of black anhyc^ous 
antimomous sulphide it contains. This is done by weighing a cer¬ 
tain amount of the precipitate into a platmum boat, which is placed 
m a combustion tube and the free sulphur driven off in a stream 
of COj. 

The insoluble ores,* are best treated by fusion with a flux composed 
of equal parts of flower of sulphur and sodium carbonate. One 
gramme of ore is used to eight or more parts of the mixed flux. The 
mixture is put m a crucible of 40 0 0. capacity, covered with a portion 
"df flux, placed in the muffle, and heated cautiously to fusion, which 
takes place in about ten mmutes Many precautions have to be ob¬ 
served, as it 18 very difficult to fuse the readily volatile antimony, even 
at a low heat, without loss. The mass, when fused, is dissolved in 
hot water, and the solution, which contains the antimony, filtered off 

* A. Chippendale (^iff and Min Jcmrnal, May 12, 1900) reoonimendB the use 
of potasaium-iodide, to be added oooaaionally to the boiling concentmted HCl Boln- 
tion oontauung the onde ores. When dissolved, the antimony may be deteimined 
by the usual methods. 
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from the sulphide of iron and those of the fourth group. The anti¬ 
mony IB precipitated as sulphide by adding a slight excess of HOI. 
The partially soluble ores require double treatment as above. 
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CHAPTER Vm. 

’HE PRODTTOTION AJO) VALUATION OP ANTIMONY OBE. 


’hh following IS a list of the most important antimony minerals, 
ith their antimony content •— 


Senarmontite 

Valentmite 

Cexvantite 

Kermeaite 

Stibnite . 

Volgente 

Qn^ante 

Berthieiite 

Livmgatonite 

Zmkenaite 


88*66 per cent Sb. 
83 66 „ 

79 20 „ 

76*80 „ " 

71 80 
68*91 

68 60 ,, 

67 00 „ 

68 12 „ 

42 60 


The market of antimony ore is, in a general way, oonj&ned to a few 
smelters and their agents, and the price is chiefly a mere matttr oi 
private contract, generally according to the principle of shdmg scales. 

French dealers have made nse of the following formula for the 
determination of the value of antimony ore,— 


in which: 




j?=the value of 1000 kiloa, or 1 metno ton of mineral. 
j^=tbe tenor of the ore determined by j&xe-aflBay 

i=tbe loss m smelting 

Cb^ 

c=tbe value of legulus m francs per metno ton 

/=ooBt of smelting and profit of the smelter per metno ton of regulus 

The loss in smeltmg may be calculated as 10 per cent of the 
metallio tenor of the ore. The cost of smeltmg may roughly b( 
estimated at 360 to 500 frs, or at £14: to £18, per ton of meta 
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produced. In oaloulatmg the loss, the following may be adhered 
to:— 

9 per cent for ore of 66 per cent. Sb or more 


10 


60 

11 

to 66 per cent. 

11 

n 

46 

II 

11 11 

16 „ 


40 

II 

II 46 „ 

18 

>1 

85 

II 

I, 40 „ 

20 „ 

II 

less than 85 per cent Sb. 


With English buyers the price is generally paid per umt of anti 
mony m ore Thus, in 1904, 48. to 5s per umt was paid for 6C 
per cent, sulphide ore, when regulus was worth from JB25 to £35 
in 1905, 6s to 8s, when regulus was sold at from £35 to £60 , ii 
1906, 8s. to 16s., and m some oases above 16s, when the pnoe of regu 
lus rose from £60 to £120 Some dealers still offer ores to smelteff 
on the old formula 0‘9T(P - 330) = V, o i.f, m which T « antimony 
content in percentage, P *= market price of regulus, and V = value ir 
francs o i f. Havre, Marseilles, Antwerp, or Hamburg 

Amenoan buyers commonly make a basis of $1 per unii 
(22 4 lbs.), when the metal is worth 8 o. per lb., for ore containing 
about 60 per cent. Sb, with a variation of one-third of the differeno( 
ftn the market price for the metal per 2240 lbs. up or down. Thus 
with the metal at 8 o per lb or $179 20 per 2240 lbs , the value of ar 
;pre containing 62 per cent. Sb is $62 per ton of 2240 lbs If thepriof 
ijoi the metal is 10 c. per lb or $224 per 2240 lbs, the addition o 
J($224-$179 20) = $14-93 is made, givmg the ore a value of $66 93 

The phrase “ cost of smeltmg ” means — 

^a) Direct operating without general expense. 

(If) Including general expense. 

(c) Dmect operating, including general expense, pliie amortisatiot 
charges * 

A Belgian dealer offers to buy ores on the formula: t 
m which 

P=pnoe per ton of antimony ore 

R=pnoe m £ of legalus m London. 

T=analysis of ore in percentage 

M F. T Havard classifies antimony ore under the following 
heads.— 

(a) Auriferous, with 40 to 70 per cent, of antimony in the form o 
sulphide, several ounces of gold, together with, in some oases, payabL 

* Taken from The Eng and Mm. Journal^ N Y, p. 124, Jan 11, 1908. 
t Pnvate cominnnioafcion. 
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silver. The value per unit of antimony is acoordmg to market 
condition G^ld is generally paid for at 76s. per oz.; sometimesj 
however, no pay is given for the precious metals 

(5) The same class of auriferous ore, but with less than 40 per cent 
of antimony; sometimes with payable silver. Pay is given for 
precious metals as under (a). 

(c) Antimony ore, both sulphide and oxide, free from precious 
metals, with from 40 to 70 per cent antimony. 

(d) The same class of ore as (c), but with less than 40 per cent, 
antimony. 

(fl) Mixed copper, antimony, and zinc ores, nearly always oarrymg 
some lead and silver, in which antimony is paid for at pnoes varying 
from the price of lead to 6 b. per unit. 

(/) Lead concentrate and high-class lead ore, with 40 to €0 per cent 
lead, 3 to 10 per cent, antimony, and generally carrying some silver. 
Antimony is usually sold at lead-pnoe by the mines, and also some¬ 
times by dealers, on the consideration that they receive the resulting 
hard lead at an advantage on the market price. 

The extraordinary fluctuations of prices of regulus in the years 
1906 and 1907 may be attributed to various causes. 

The sudden rise of the metal from its normal rate of about £40 t( 
-£120 per ton m 1906 may be due to the following causes * :— 

(a) Increased demand m the maclune mdustries. ; 

(6) Partial replacement of tm, now scarce and expensive, by 

antimony in alloys, Babbitt and bearmg metal. * 

(c) A change in the quahty of the ore coming on the market fibm 
high grade to low grade, as workings in the mines reached greater 
depths. 

(d) The general increase in prices of all metals as compared with 
the constant value of gold. 

(e) The mcrease in the production of antimony oxide in place of its 
metal, for the manufacture of antimony pigments. 

(f) Its replacing soft lead for acid-proof Immgs and other purp6seB 

(g) The sulphide being used m greater quantities than ever in the 
rubber mdustry for the purposes of vulcanisation 

(h) Its great demand dunng the Russo-Japanese war for artillery 
uses.t 

(i) Speculation. 

* Prom F T Havard, “The Antimony Industry,*’ The New Zealand Mines 
Record^ April 10, 1907. 

t The author was informed of this by a French dealer in antimony, but was 
unable to venfy the etatemcnt 
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Valum of Antiwout Regulus 


Per ton. 


Per ton 


Yeai 



Low I 

Hi^di 


£ 

£ 

1876 

60 

69 

1876 

65 

69 

1977 

48 

60 

1878 

48 

60 

1879 

60 

70 

1880 

60 

76 

1881 

66 

60 

1882 

42 

66 

1888 

86 

40 

1884 

40 

45 

1886 

35 

89 

1886 

29i 

86 

1887 

30 

40 

1888 

89 

60 

1889 

46 

7.6 

1890 

70 

76 

1891 

40 

72 

1892 

48 

62 


Year, 



Low. 

High 


£ 

£ 

1898 

37 

48 

1894 

82 

87 

1895 

81i 

88 

1896 

29i 

80i 


(Cookson’s, NY) 


Cents per lb 

Cents per lb 

1897 

7 

n 

1898 

8 

9-76 

1899 

10 

11 

1900 

10 

10 50 

1901 

10 

10 26 

1902 

9'2 

10 

1903 

6‘56 

8 25 

1904 

6| 


1906 

8-876 

14*5 


AvEitAOK Prices in Cents per Lb 




1906 


iiS 



g 

£ 


1 

1 


January . 

16 0 

14-0 

Febniaiy . 

16*0 

16 0 

March 

17-6 

16 5 

April 

21-81 

20 81 

May 

. 26 26 

24 88 

June. 

26‘0 

25-0 

July . 

25 26 

24 26 

Au^st 

26 0 

24 0 

September. 

24‘6 

24 0 

October 

26‘2 

24 81 

November 

26‘14 

25 25 

December 

. 26-26 

26 24 

Average 

22 78 

21-94 


1007 


m 



18-6 

26 906 

26-219 

24-166 

14-26 

26*062 

24*062 

28 437 

16-16 

24 900 

23 760 

23 025 

20 26 

24 125 

21-344 

20 876 

23-81 

21 ‘037 

18 562 

17 760 

24 0 

16 760 

13 812 

12 660 

23-19 

11 876 

10 600 

10-126 

22-76 

10 906 

9-687 

0 376 

22 26 

10 750 

10 000 

9 660 

23 63 

11 760 

10 406 

10*047 

24 60 

1 11000 

9 937 

8 906 

24-70 

9 662 

9 060 

8 088 

21 73 

, 16 969 

1 16 627 

14 840 
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Now the sudden fall of the metal from its normal rate of about 
jB 40 to £36 may be due to the followmg causes *,— 

(а) The market for needle antimony had, to a large extent, been 
artificially sustained by a considerable proportion of the Chmese out¬ 
put being held in strong hands on the Continent. With the appear¬ 
ance of larger quantities of ore from North Africa, Turkey, and 
Australia, the holders became afraid, and needle antimony was allowed 
to drop. 

(б) The declme was accelerated by financial depression in the 
United States, and a consequent diminution of demand. 

Hungary 

i 

France 

Japan 


Italy 


Mexico 


Germany 


United States 

I I Africa ’ r 

I \Australia 
□ Spain 


Fig 66. 

Withmthe last few years Japan has ceased to be a factor in the 
antimony market. The United States cannot produce antimony 
with profit at prices below 20 c per lb Australia and China are 
likely to become the pnnoipal producers of antimony ores Perhaps, 
with better facilities of transportation, the South Amenoan mines 
could be worked with profit. 

• From p. 124, Tht Bng wnd Mm, Jmmalj Jan 1908 
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CHAPTER IX. 


THE PRINCIPAL MINES AND SMELTING WORKS OP 
ANTIMONY. 

The following is a list of the principal mines and smelting works of 
antimony that have been, or aro still being, worked:— 

I Mines. 

(1) Algeria —Taya, Sempsa, Djebel-Hamimat. 

(2) Asia Minor —Smyrna 

(3) Ansiralia —Macleay district, at Hargreaves Falls and Aberfoil, 
Armidale (New South Wales), Costerfield (Victoria), and Queensland 

(4) AustriOrHvmgary ,—Beszterczebanya (Sohemnitz), Miohaels- 
berg, Moldau River and Kuttenberg (Bohemia), BAnyo, SzAlouak, 
^senau, Liptau, Neusohl, Mogurka, Kremnitz, Rechnitz Mountains 
between Aranyidka and Rosenau 

(^ Borneo —Sarawak 

(6) Canada —West Core (Hants Go.), M‘Dougal (Nova Scotia), 
Prinoe-Wilham (New Brunswick). 

(7) Chile, —Antofagasta. 

(8) China ,—Province Himan. 

(9) France —La Lucette, Licoulne, Bessade, Loubelhao, Ouche, 
Conches, etc. Besides these, there are twenty-six principal mmes m 
France, including Corsica 

(10) Germany —Amsberg (Westphalia), Hoffnung (near Brack), 
Goldkronaoh (Fiohtelgebirge), Oaspan mmo near Mentrop 

(11) 7^0^^.—Mena, Ersa, Luri (provinces Grosseto and Cagliara), 
Pereta (Tuscany), Cettme di Cotomiano and Tocchi (province Sienne), 
Ponte a Rosaio (province Sionne), Sau-Bosilio, Balhio, Su-Suergin 
mine near Villasalto (district Lanusei, Sardinia), Roocalumera, 
Letoianm, and Francavilla (Sicily) 

(12) Japan —Itshmokawa (Shikoku), Nakase, Nara, Ehime, 
Yamaguchi, Nii-gori, Ojoinumura 

206 
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(13) Mtodco. —Sonora. 

(14) Peru —MoUeindo. 

(15) Porlmgal, —Tapdda, Lixa, Gondomar, Braganza, Corcega. 

(16) Servia. —Styna, Kik., Stolitza, Zavone, 

(17) Spam —Salamea de la Serena (near Badajoz), San Jose, 
Genara, Caurel, Perseverance, Huelva, Leon, Oviedo, Eibas 

(18) j?WA^.j-Aiydiur, Aidin. ^ 

(19) Umted States —Ballarat (South California), Coyot^ Creek 
(Iron Co, Utah), Beulah (near Austin, Nevada), Thompson’s Fall 
(Montana), Sevier Co. (Arkansafl)^ ^ 


^ n^SMBLTINq WoEKfl. " 

(1) —Szalouak, Budweis (Bohemia), Stephan 
Works, Millesohau (Bohemia), Magurka, Bos^nau, Gross-Golbutz; 
Sohonberg, Proutkovxtz (Bohemia) (owned by MiUesohauer Berg- und 
Huttenwerks AotiengeseUschaft ); PfiiSov (Bohemia) (owned by Emil 
PoHok). 

(2) Belgium —Antwerp (owned by Sooi4t4 Iiidustnelle de Beerse) 

(3) Ca/nada —West Gore (Nova Scotia) (owped by St Helens 
Metal Kecoveiy Co.). 

(4) Chma ,—Hankow (owned by Carlowitz & Co ) 

(6) Englcmd, —Newcaatle-on-Tyne (owned by Cookson <k Co.), 
EaJlett & Fry, Johnson & Matthey, Pontifex <fe Wood, Mathison <fc Co* 
(m London) • 

(6) Frame, —The pnnoipal smelting works are situated at Conches 
(Cantal), Blesle and Bnonde (Haute-Loire). 

The pnnoipal smelters are. (a) Emmanuel Cbatillon (Conches, 

Blesle, and Brionde) \ (6) Sooi^td Franoo-Itahenne (Bnonde), (c) 
Paul et Cie. (ColletiLe-D^ze)^ {d) Basse Yitahs (Blesle), (e) Her- 
rensohmidt (Genest). 

Other smeltmg centres are • La Lmcoule (Haute-Loire), Bouo and 
Sept^mes (Rh6ne), Alais, Malboso (Ard^ohe). 

(7) Germany ,—Linz (Sohleiz), Dusseldorf, Wolfsberg (Harz). 

(8) 7<a?y.—Genoa (owned by Miniere e Fondene d’Antimonio, 
Societk Anonima), Siena (Tuscany), Florence, Ponte a Rosaio (Sieune), 
Su-Suergin. 

(9) Japcm, —Osaka, Sanchoba, Sunohara. 

(10) Servia —Kostajuik (Dma Rian). 

(11) UniUd States —Chelsa (Sta en Island, NY.), Chapman 
Smelting Co., San Francisco (owned by Mathison & Co., London). 
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III. Principal Agents for Antimony. 

(1) Enghmd —Hardy, Seligmann t Co, BiUiter Biuldrogs, London, 

EC. - , 

(2) Belgivm —W. Fleoken (Antwerp). 

(3) Frame —H. Parijjn (Paris) - 

(4) Oerma/riy —A. Auerbach (Efamburg). 

(6) The United States .—The Amenoan Co, (N.Y.) 
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Alkyl combinations, 14, 16. 
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Aluiiuuium antimony alloys, 162, 153 
Amidolysis, 17. 

Ammiolite, 86. 
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Antimonium, 1. 

Aiitimon-ocliie, 29, 30 
Antimony, histoiy, J-6, chemistry, 
6-84, allotiopic, 10, propei- 
tiea, 10, 11, explosive, 11 , 
black, 11, 12, yellow, 12, 
chemical properties, 12; com 
pounds, 18-83 , mineralogy, 88- 
45 , native, 85, 46 , geological 
occuiTenoeoforesof, 40-46 , com¬ 
position of refined, 187 , use of, 
in medicine, 168, tests for. 
179, 181, 183 , production and 
valuation of ores of, 196-204 ; 
agents for, 207 
acetate, 29 

Hmalgam, 161. ^ 

arsenides, 29 

ai'seiiite, 29 * 

black, 157, 

blende, 48 

bloom, 46 

blue, 166. 

ohlonde, 42 

oompounds, analysis of, 178-196. 

Cl 11(10, 118. 

flnoiide, 172, 178. 
flux, 116. ^ 

glance, 46. See Stibnite, 

glass, 28, 170 

green, 166 

hydrates, 82. 

hydride, 18, 14, 161. 

hydroxides, 20 

-lead alloy, 172. 

nitrate, 29 

ochre, 40, 69 

orange, 166 

orange red, 167. 

Ores, assay of, 181-195 
oxalates, 29 

oxides, 6, 12, 44, 46, 174. 
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Antimony oxyeulpliide, 28, 40, 46 
penlabroniido, 81 
peiitachloride, 12, 81, 180 
peutafluoude, 30 
peiita-ioilide, 31. 
pcntaselenide, 8S 
pentaanlpMde, 33, 170, 173 
pentoxide, 12, 31, 32, 78 
phosphide, 29 
phosphite, 29. 
resulns, 69. 
sulphates, 28 29 
Bulph-baloids, 27 

sulphide, used by anoiente, 1 , 
principal ore, 69, use of, in 
medicine, 160, Shlmite ^ test 
foi, 179, 181. 

Bulphiodide, 27. 
aulphobroniKle, 27 
siilphoohlonde, 27, 174 
BulpbophOBpbate, 29 
telluTiae, 26. 
tetiBbidoids, 30 
tetrasulp]iide, 80 
tetroxide, 29, 80, 77, 78, 79, 182 
tnbroinide, 9, 17, 18 
tnchloiide, 9, 16, 17, 170, 180 
trifliiondea, 16. 
tiilialoids, 16 
tri-iodide, 18, 19 

tnoxide, 12, 1^, 20, 78, 84, 8:., 86, 

’ 101, 102, 103, 107, 100, 169, 
170 

tnsclenide, 28. 

• tnsulphide, 8, 9, 22-'26, 182 
vuniiilion, 167-164 
iffolet, 166 
white, 164-167 

yellow, 164-166 , viLrifiablo, 170- 
172 

Arctowaky, 22 
Arecpiipite, 36 
Annstrong, 142 
Arndt, 58 

Araomo, 188, 187, 189. 

-antimony nlloy, 163 
Araenio-antimouate uf bismuth, 43 
Arsenatibite, 36. 

Ai*tua, 140 
Aaliborry metal, 147 
Ashley, 174 

Aflia Minor, antimony ore of, 66 
Atomic weight of antimony, 6-8. 
Atopite, 36 
Attnold, 101. 

Aubel, von, 162. 

Angeiiot, 191 

AUhtndaaia, antimony orea of, 147 
Aiiatinha, antimony ores of, 67, 63, 
64 , metal pi educed in, 202. 


Austria, production of antimony ore 
111 , table opposite p 198; of 
antimony, 199 

Auatna-Hun^aiy, bibliogra])hy of 
geological ooennenoa of anti¬ 
mony orea, 68-69, pnee of 
antimony in, 201. 

Avogadro’s law, 6 

BABuriT metal, 149. 

Baohiment, 141. 

B iiley, L W , 62. 

Baldacci, 61. 

Baldracco, 0., 61 

Bulling, 68, 187. 191 

Banya, 72, 88, 109, 183, 134, 186 

Baiceiiite, 36 

Barreswill, 166. 

Barruel, 167 
Barton, 142 
Basse, 120, 121, 141. 

Bath furnaces, 127, 128. 

Bauer, 44. 

Banerman, 44, 60, 137 
Beykoff, 174 
Bearing met il, 148, 149. 

Beaumont, E, dr, 60 
Bdohenel, 60 
Beck, 64, 191 
R , 60. 
von, 49, 64, 

Behn, 10 
Beilstein, 191. 

Bemraellen, 17 
Bens'oh, 140 
Borgfeld, 11 
Boriuger, 101 
Bernard, A , 64. 

Bersch, J , 187, 176 
Borthelot, 1, 6, 114. 

Berthier, 24, 26, 187, 191 
Borthieiite, 27, 36, 87,196 
Bertfich, 178 
Berzelius, 6, 7, 9, 80. 

Betts, 180, 148, 144 
Beurre d’antimoino, 173, 174. 
Bibliography—history, 6 , chemistry, 
34 , mineialo^, 46 , geological 
occurrence, 68-66 , metallurgy, 
137-144, antimony prepam 
tions, 174-177 , analysis, 191- 
196, pioduction and valuation, 
203-204. 

Bidon, 78,137 
Bindheimito, 87 
Biemuth-antimony Blloys, 163, 

Blake, W P , 62 
Blnsrt, 191. 

Blastfurnaces, 109, 118 
Bloxam, 137 
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Bobieire, 66, 67 86, 154 
Book, J , 2''8. 

Bot-Boh) 177 
Bdttgei, 176 

Bohemu, antimony ores of, 49 
Bolivia, pTodnotJonof natimony ore in, 
tdble opposite p 198. 

Bolling, 1S7 
Bolton, 84 
Bongarts, 9. 

Boole, 192. 

Borob 0 n<, 124, 126, 139, 148. 

Bordeanz, 58. 

Borneo, antimony ores of, 66, 63 , pro¬ 
duction ot ore in, table opposite 
p 198 

Bornstein, 10, 16. 

Borsemann, 191 
Borthwick, 67, 86 
Bono, 81, 103, 109 
Boulanger, 60 
Bonlangente, 27, 87. 

Boumonite, 27, 87. 

Bonsdorff, 19. 

Boyle, 4. 

Bracket, 165. 

Brandes, 177 
Brandunont, 26. 

Branner, D., 64 
Brannt, W. T., 174 
Breidenbaoh, 61. 

Breithauptite, 37, 38. 

Biemmeleti, van, 21. 

Broiiil, 174. 

Britannia metal, 146 148. 
Bronguiardite, 44. 

Brousae, 142 
Brown, S , 137. 

T, 188. 191 
Brunet, 176. 

Brum, 17. 

Brunner, 165, 193. 

Brnali, 191 
Buchnor, 140. 

Bnohner, 24 
Bufif, 68 

Bunsen, 26, 32, 191. 

Bui at, A., 64. 

Burthe, P , 60 
P L., 204 
Butterfield, 144 

Oaibns, 191. 

Campbell, 85, 174 
Canipredon, L,, 191. 

Canada, production of antimony ore in, 
UwU opposite p 198 ; of anti 
luony, 199. 

Oa}».taino, 140 
Oornot, 22, 60, 181, 191. 


Oamguea, 191. , 

Carter, 191. 

OassagneB, 130. 

Oansse, H , 184 192. 

Cavan, 18,19 

Cervantite, 80, 88, 46, 69, 196 
Ohabal, 174 
Ohalcoatibite, 88. 

Obanaroillite, 88 
Chapman, E , 179. 

Charpentier, H , 64. 

Oharpy, 174. 

Ohatillou, 66, 67, 68, 86, 89, 96-98, 
138,141. 

Cbaudet, 146 
ObelainanD, 28. 

Cbemiatry of antimony and its com¬ 
pounds, 6-82. 

China, antimony ore in, 66, 202. 
Chippendale, A,, 190, 192. 

Chittenden, 192 
Ohlor-antlnfionates, 81 ■ 

Chloride of antimony, 160. 

Chretien, 28, 24, 26. 

Ohnatmas, 144. 

Clamer, 174. 

Clark, J, 181, 186, 192 
Clarke, 20. 

Classen, 5, 186, 192. 

Oluzel, 177 

Cochin-Ohma, antimony ore of, 66. 
Cohen, E., 11. 

Comstock, T B , 62. 

Concentrate'^, 123, 124. 

Oonradson, 192. ^ 

Converters, 118, 

Cooke, J. P., 8, 0, 21, 22 • 

Cooke's alloys, 152. 

Cookson, 118, 141, 142, 200 
Copper-antimony alloys, 162. 

Ooquand, 54, 61, 62. 

Cornwall, 192 
Corongnite, 88. 

Cotta, B V., 68, 69, 60, 64 
Cox, E. T , 62 
S H,63. 

Onper, 64 
Crocus, 169, 170. 

Oroia4, 60. 

Crookes, 178, 183, 192 
OrucibU‘8, 112-116, 131, 182 
Crude antimony, 69, 118 
Ozerwuk, 192 

Dana, 68 
J D., 46. 

Danger, 168 
Darroch, 192. 

Danbr^c, 64 
Daunor, 193. 
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Day, 11. 

Decaetro, 61 
De Olermont, 26 
Delienjpon, 142 
Delamotte 60. 

Denig&B, 192. 

Denti, 61 

Dea Oloiseaui, 19. 

Dexter, 7, 9, 140. 

Diaphoretic antimony, 170, 

Diaphorite, 44. 

Dietrich, 102, 

Diosoondes, 1 

Direct procesaos, 117-120. 

Dissooiatiou tension, 20 
Doelter, 46. 

Doht, 18 
Doubling, 117. 

Dougherty, 192. 

Douglas, 62 
Dudley, 174. 

Dilrfeldtite, 80. 

Duflos, 6, 140 
Dufrenoy, 60 
Dullo, 176. 

Dulong-Petit’a lule, 6 
Dumas, 7, 8, 9. 

Dunnington, F P., 62. 

Dunstan, 192. 

Durkeo, 148. 

Dumig, 176. 

DurocEer, 22. 

Dyaoraeite, 88, 39 

Ed'W’Auds, 144 

N. W , 122. 

Elfitrolytio analysis of antimony ore, 
186, 187 

methods, 124-180; bibliography, 
148-144 
Engel, 17 
Engestrnm, 147 

England, antimony ore of, 68 ; refining 
in, 182. 

Epibonlangente, 44. 

Erbreijoh, 68. 

Ercker, L., 4 
Escalle, 142. 

Evans, 16. 

Fallo, 0,69. 

Famatmite, 39 
Fay, 174. 

Feist, 177. 

Fellenberg, 69. 

Fernior, 64. 

Fesquet, A. A , 170. 

Fiscnor, 192. 

F, 139, 177 
H , 191 


Flondln, 168, 

Flouring, 116 
Flhckigen, 21. 

Flilokiger, 16. 

Foie d^antimome, 168. 

Foniakofif, 64 
Foullon, 46j 69, 62. 

France, antimony ores of, 61-62, 60 ; 
production of ore in, tabU 
opposite p. 198, of antimony 
metal, 109, 202 , pnoe of metal 
m, 201. 

Franceaobi, 06, 67, 86, 142. 

Fraiikel, 176 
Freiesleben, 68 
Freieslebenite, 89. 

Fremy, 84 
Frononing, 117, 

Fresemufl, 20, 193 
Freydier-Durrent, 141 
Fricks, W v , 60, 

Fnedheim, 84. 

Friend, 9. 

Fnese, v, 69, 203. 

Frommel, 26, 

Fuobs, 28, 64, 167. 

Furman, H V. F , 198. 

Furnaces, 70-124, 164. 

Q-ajbbe, 10, 

Gallagher, 176. 

Gautier, 176. 

L., 180. 

Geber, 1. 

Geiger, 188. 

Geitner, 22. 

Gehs, 196. 

Geokronite, 44 

Geology of antimony ores, 47-66. 
Gerding, T. v., 6 
German metal, 148. 

Germany, antimony ores of, 47, 48, 68; 

pr^uebou ofmetolm, 199, 202. 
Germot. 118, 188. 

Guardm, 188. 

Glaesener, 138. 

Glass, 66, 86 
GInsser, 64 
Glauber, 21. 

Gold from antimony ore, 121. 
Gold-antimony alloys, 162. 
Goldsoliwefel, 178. 

Goooli, 193 
Goooh Gnrner, 198. 

Gosaelin, E, 176 
Goverant, 26. 

Gray antimony ore, 46. 

Grimm, 69 
Groddeck, 69 
Qroger, 68 



INDEX. 


212 


Groas-Gollnitz, 70. 

Gruner, 60 
Gaejarito, 89, 196. 

Gliinliel, 68 
Guetticr, 176 
Gnillemin, 176 
Guillet, L., 162, 176 
Guinchunt, 28, 24, 26. 

Guntz, 6, 177. 

Gubbier, 108 
GuttinaDn, 12, IS, 14, 

Guyard, 198. 

H^atobtibnite, 44. 

Hahnemann, 168 
Hall, J W , 142 
Hallett, 166, 166, 200. 

Halse, E , 62. 

Hampe, 26. 

Hanks, H. J., 62. 

Hanna, J., 186, 193. 

Hard lead, 160 
Haremann, 122 
Hargraves, 148 

Hargreaves, 122, 188, 141, 141 
Hartmann, 46. 

Hassenfratz, 138. 

Haunt, 61 

Havard, F T., 188, 197, 204 
Hawley, B H., 196 
Heddle, 46. 

Helmhacker, 60, 66, 67, 86, 88, 103, 
183, 136, 188, 140 
Hammelmayer, 148. 

Henneoke, L., 64. 

Herberger, 140 

Henng, 66, 67, 86, 88, 109, 114, IIS, 
122,123, 133,188,143,193. , 
Herrenachmidt, 66, 67, 68, 73, 86, 87, 
88, 00-93, 98-102, 107, 111, 
112, 117, 118, 121, 123, 141. 
Herrmann, 22. 

Hersohkowitsoh, 176 
Hess, F L., 62, 204. 

Hensgen, 26 
Henz, 108. 

Heyoock, 176 
Hildebiaudt, H., 188. 

Hintze, 45 
Hiorns, 176 
Iloefer, 6 
Ho^li, 61. 

Hoff, van’t, 0. 

Hoffter, 38, 

Hofmann, A , 69, 6t. 

Holbom, 11. 

Holland, 193 
Hollnnde, 60 
Holloway, 144. 

Holziuann, 163< 


Horner, 175. 

Horsfoidito, 44. 

Houzean, 193 
Howard, G M , 193. 

Howe, 176 
Hudson, 188, 142. 

Hungary, antimony ores of, 48-49, 68, 
69, works in, 107 ; production 
of antimony ores in, table 
o;pposite p 198; of antimony 
metal, 199, 202 
Hunt, 46 
Huntington, 188 
Huntley, D. B., 62 
Hurst, G H., 176. 

Hyposulphite of lime, 101 
Hyvert, G , 60, 188, 166, 178, 174, 
176, 176 

Imbbbt, 141 

India, antimony ore of, 67 
Innler, 69, 188. 

Iron block, 178. 

Isomorphism, 6 

Italy, antimony ores of, 62-68 , pio- 
duction of antimony ores in, 
table opposite p 198, of metal, 
199, 202, price of metal in, 201, 
Izart, 130, 148, 144. 

Jabin, 188. 

Jahn, 10, 83 
JamesDDite, 40 

Jaiinasch, 22, 24 ^ 

Japan, antimony ores of, 66, 63; 
production of oies in, ^hle 
opposite p 198 , of metal, 199 , 
price of metal m, 201, 202. 
Jaquaux,5 
Jervis, 01. 

Johnson, 104. 

Johnstone, A , 179, 

Jolles, 198 
Jordan, P, 68 

Kahlbaum, 10 
Kamensky, 176 
KarmurBoh, 147. 

Karsten, 22, 113, 114. 

Kaizui, F , 69. 

Kemp, J. F., 46, 66, 62, 63, 64. 114 
Kerl, 09, 138, 139, 177, 198 
Kernes, 26, 168, 170. 

Kermesite, 40, 46, 69, 196. 

Kerpley, 69. 

Kessler, 7, 9, 193 
Kilbnckenite, 44. 

Klapprotli, 1<1S, 194. 

Kleiustbinidt, 188 
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Knab, 6, 112, 138, 176. 

Kuorrfi, 193 
Kobellite, 40, 

Kdcliliii, 22 

Eoepp & Co., 123, 129, 143 
Kohl, 1 

Kolbeok, F , 193 
Kopp, 8, 6, 6, 18, 160, 176 
Koatainik, autimouy orow at, 49-61 
Krafft, 11. 

Kmtzer, E , 142 
Krausa, 166 
Kunz, 68. 

Laboulat, 188 
Laoroix, 60, 64. 

Laforet, P , 188 
La Liiiooule, 72 

La Liicette, antimony mine at, 61. 
Lampadiua, 167 
Laiiipadnes, G. A., 138. 

Lamy, 6 
Landolt, 10, 16. 

Lang, 198. 

Liippareiit, 45 
Liiaalle, T., 60 

Lannua}', L de, 3, 49, 54, 60, 62, 64, 
204. 

Lanne, 176. 

Law, 176 
Lead, 189 
LeClnire, 167 
Lb Grenier, 104. 

Ledebur, 138 
g Lofort, 140 

Le Genest, 98, 124. 

LAbufi, 194. 

Lemany, 4. 

Lemoine, 176. 

Level, 194. 

Liobe, 68, 

Liebig, 140. 

Linok, 11. 

Linders, 176 
Linotype metal, 160 
Liiiz, 117. 

Liquation of antimony, 69-77. 
Liversidgo, 68 
Lmngatonitis 40, 196, 

Lixa, 180 
Look, 138 
Lodiu, 188 
Lowe, 188. 

Long, 20, 146 
Longpeiier, 142. 

Longndgo 144, 

Loasew, 176 
Lotti, b , 61 
Louis, 64. 

Lovisato, D , 61. 


Low, A H , 194. 

W. H., 194 
Lucas, 194 
Luokow, 186, 194 
Ludwig, 186. 

Liidecke, 68. 

Lunge, Q , 194. 

Luzziito, 26 
Lyte, 124. 

MacAethub, 128 

Macedonia, production of antimony 
ores in, table opposite p, 198 
M'Gbie, 142, 

M‘Gowan, 6, 144 
Maclvor, 66, 144 
Mackintosh, 193 
M‘Millan, 188. 

MacTnow, 21 
Magnolia metal, 149. 

Magurka, 70, 117 
Mailfert, 74. 

Malaguti, 194 
Malboso, 70, 72, 73 
Manganostibnite, 44. 

Maunulh, 17. 

Manon, 106 
Marguentte, 141. 

Mangnao, 30 
Martinus, 140 
Mascazzini, 186, 194. 

Masson, 144, 

Mathieu-PJessy, 176 
E., 167 

Mattibiossen, 150. 

Meerbmg, 17,21 
Meier, 69 
Menegbiuite, 49 
Meni&e, 0., 60. 

Morensky, 64 
Meiome, 166, 166. 

Meta-antimomo acid, 82 
Meta-fluu-antimimates, 81 
Metallurgy of antimony, 60-144. 
Metzger, 16. 

Metzl, 28. 

Moyer, 0,19, 140. 

V . 6, 19. 

Meyerhotfei, 10, 16. 

Mexico, production ot antimony ores 
in, table opposite p 198, of 
metal, 202. 

Miargyrite, 27, 41. 

Micnaelis, 82 
Midi el, 60. 

Mieis, H. A., 45 
Miller, 196 

MilleBLhau, 70, 72, 133, 134 
Milou, 168 

Mineralogy of antiiuony, 86-46, 
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Miuefi, antimony, 206, 206. 

Minofer, 147. 

Mitohell, 22. 

J., 194. 

MitBcherlioh, 10,181. 

Mohr, 188, 194. 

Moifisan, 6, 16, 24, 30, 84, 188. 
Monimolite, 41. 

Mordants, 172-178. 

Moreau, Q-., 66. 

Mourlat, 26. 

Moorlot, 22, 

Mozo, 176. 

MiiUer, 82, 58. 

Muffle fumaoes, 79, 80. 

Muthmann, 104 

Nagoabi, 10. 

Nadorite, 41 
Naples yellow, 104-106. 

Navies, 168 
Nelson, 28. 

Neumann, 6, 10, 22, 104 
B., 188, 204 
Neutien, M., 60. 

Nevdle, 176. 

New Brunswick, 88, 108, 106 
New South Wales, antimoDy ores of, 
67; production of ores in, taibU 
opposite p, 108 ; of metal, 100 
New Zealand, production of antimony 
ores ID, table apposrdep 108 
Nickel-antimony alloy, 168 
Nlokl&s, 18 
Nissenson, 104 
Noodt, 17, 21. 

North America, antimony ores of, 66, 
62, 68. 
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Oaelaio), 181, 188 
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Oehme, 66, 67, 86, 87, 188, 177- 
Ohly, J , 180. 
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Orfila, 168 

Ortho-antimomo aoid, 82, 

Ost, 104. 

Otto, 88. 

Overman, F., 180. 

Oxalate of potassium and antimony, 

Oxymuriato of antimony, 172 
Oiysulphide of antimony, 172 
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Pamts, 164-168, 176-177. 
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Parker, E.W , 08 
Parnell, E.W., 143. 
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P61abon, 28. 24, 28, 176 
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Plato, 16. 

Plats, SO 
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Plows, 66, 67, 86, 89, 90, 141, 142. 
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61, production of ore in, table 
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Sabanejrw, 21. 

Sadtler, S P , 177 
Salomon, 175. 

Snltei, T W., 176. 
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